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PREFACE 


The Subway Environment Simulation (SES) Computer Program is a 
design-oriented analytic tool developed during a recent five-year research 
project focusing on methods for environmental control in underground 
rapid transit systems. As discussed in the comprehensive Subway Environmental 
Design Handbook (NTIS No. PB 254 788), which documents that effort, 
computer simulation was used to overcome the deficiencies of closed- 
form mathematical modeling, and was validated using scale models and 
field-testing. Shortly after the publication of the Handbook, SES 
was released to the rail transit community for the purpose of reducing 
the environmental problems of existing systems, and to help plan 
facilities and establish standard provedures for improved environmental 
control in new systems. This report is published in order to aid users 
of the program in realizing these goals; "Software maintenance," as 


outlined in this volume, will help update and correct the program. 


The publication of this report marks the end of the second phase 
of the Subway Environmental Research Project, conducted from the 
U.S. Department of Transportation's Transportation Systems Center (TSC) 
under sponsorship by the Urban Mass Transportation Administration's 
Urban Rail Construction Technology Program. In addition to coordinating 
the software maintenance, TSC has directed modification of SES for 
enhanced use by the Research and Special Program Administration. Software 
maintenance activities for this task, however, are not included in 
this volume, but will instead be incorporated in SES Version 3 appearing 


at a later date. 
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1. PURPOSE 


This report summarizes the activites performed under Contract 
DOT-TSC-1216, "Software Maintenance of the Subway Environment Simulation 
Computer Program." It contains a chronological history of the project, 
a profile of the typical SES user, and a list of present users. The 
appendixes contain the documents distributed to SES users during this 
project: 

SOFTWARE MAINTENANCE PROCEDURAL GUIDELINES 
SES COMPUTER PROGRAM REVISIONS 


SES USER'S MANUAL AND PROGRAMMER'S MANUAL REVISIONS 


2. PROJECT OBJECTIVES 


The Subway Environment Simulation (SES) Computer Program, complete 
with user and programmer documentation, was an end product of the Subway 
Environment Research Project (SERP) sponsored by the Urban Mass Tranporta- 
tion Administration (UMTA). The major objective of the SERP was to 
develop an ability to control and to predict such factors as air temperature, 
velocity, and humidity in the subway environment. An important result 
of the project has been the development of the SES Computer Progran, 
an analytical tool which allows the environmental design engineer to 
calculate flows of air and heat in a complex subway network with vent 


shafts, stations, stairwells, multiple trains, etc. 


ae 


The SES software maintenance project was designed to give technical 
assistance to SES users who encountered problems with either the software 
or documentation. A procedure was established whereby potential problems 
could be reported. If the existence of a problem was verified, a correction 
was issued to all registered users in the form of a software modification 


or documentation revision. 


This service was provided to SES program users in an effort to 
foster the use of improved subway design techniques and for the benefit 


of the transit-using public. 


3. PROJECT HISTORY 


Contract Item 1 - Program Plan 


July 1976 


Development of the Procedural Guidelines which state the procedures 
required to document, to direct maintenance work, and to advise SES 


users of program modifications and updates was completed. 


August 1976 
The Procedural Guidelines were sent to all known users of SES 


Version 2, thus completing this contract item. (See Appendix A for 


the text of the Procedural Guidelines.) 


Beye 


Contract Item 2 = Maintenance Activities 


Throughout the term of this contract, assistance was provided 
in the form of answering questions posed by SES users and potential 


users. These questions generally fall into the following categories: 


Potential Users - Questions concerning the types of problems 
solved by SES, and ways to obtain the 


program and documentation. 


New Users - Questions on making SES operational on 
their computer and preparation of 


input data. 


Established Users - Questions on the effects that modeling 
| decisions have on results, and questions 
on identification of problems in the 
SES program and problems in the input 


data. 


During this contract 14 revisions to the SES User's Manual and 
one revision to the SES Programmer's Manual were issued. Appendix 


B contains the complete text of these revisions. 


Fourteen modifications to the SES source code were also issued 
during the contract. A summary of these revisions is presented in 


Table 1, and the entire text of the modifications is presented in Appendix 


CG: 
July 1976 


Four SES problems were discovered. After TSC approval was given 
to work on them, they were rectified. A package fully describing the 
revisions and their background was transmitted to the known users of 
SES Version 2. The program with these changes was designated SES Version 


2.04 (SES Version 2, Modification Level 4). The four problems were 


8) The rate of train power loss was computed incorrectly when 


a train was coasting downhill (Problem Category ji). 


2) The average value for relative humidity was output incorrectly 
for subsegments other than the first subsegment in each line segment 


or ventilation shaft (Problem Category 1). 
3) Under certain, rather complicated, circumstances, a floating 
point division by zero occurred in Subroutine TRAIN (Problem 


Category 2). 


4) A FORTRAN variable was not properly initialized in Subroutine 


VSINS (Problem Category 1). 


Spe 


Modification 
Number 


1 


10 


11 


TABLE 1 SES SOURCE CODE MODIFICATIONS 


Date 
7/23/76 
7/23/76 


7/23/76 


7/23/76 


11/18/76 
11/18/76 


11/18/76 


UATE 


4/14/77 


S/127 77 
8/12/77 
8/12/77 


8/12/77 


8/12/77 


1/24/78 


Routines 


Modified 


HEAT 


SUMARY 


TRAIN 


VSINS 
INPUT 


ACEST2 
INPUT 
DSES 


OMEGA2 
INPUT 


TRAIN 
LOCATE 
INPUT 


GARAGE 
TRINS 
LOCATE 
VSINS 


ERROR 
INPUT 


Description 


Correct the computation of 
train power loss when coasting 
downhill. 


Correct the computation of 
average relative humidity. 


Correct runaway trains caused 
by incorrect computation of 
braking rate. 


Correct the initialization 
of variables. 


Correct supplementary output. 
Correct title page. 


Correct program reponse following 
fatal input error. 


Correct calculation of air pressure 


change in a segment containing 
a train. 


Provide revised SAMPL5 output. 
Correct runaway trains caused 
by precision problem in 


computations. 


Correct acceptable input range 
for Front of Train Drag Coefficient. 


Improve processing of erroneous 
input data. 


Correct computation of train 
drag under certain circumstances. 


Correct time of fan activation. 


Revise severity category of 
two input errors. 


Provide revised output for 
SAMPL5 test problem. 


November 1976 


Three SES problems were discovered. After TSC verbal approval 
was given, they were rectified. The program with these changes was 
designated SES Version 2.07 (SES Version 2, Modification Level 7). 


The three problems were: 


1) Items to be printed as part of the optional supplementary 
output for the environmental control estimate did not print correctly 


(Problem Category 1). 


2) A superannuated title appeared in the output. The program 
title was changed to indicate the program being under the sponsorship 


of the TSC (Problem Category 1). 


3) The program response following the diagnosis of a fatal error 
in an input data set was occasionally wrong, causing the printing 


of erroneous input verification (Problem Category 1). 


Thirteen minor problems were discovered and rectified in the 
SES User's Manual. These problems were eigher typographical errors 


or instructions that could be misunderstood. 


One problem was discovered and rectified in the SES Programmer's 


Manual. Certain instructions for computing program array sizes had 


not been updated from SES Version 1 to SES Version 2. 


-§- 


A package fully describing the above revisions and their background 
was transmitted to the known users of SES Version 2. In addition, 
a complete, up-to-date tape of SES Version 2.07 was supplied to the 


ToC. 
December 1976 


A problem in the SES aerodynamic subprogram was discovered. Subroutine 
OMEGA2 did not always correctly calculate the aerodynamic forcing function 
for the last region in the last line segment of a line section. The 
problem became apparent when the SES program computed infinite airflows 
from its first integration step, which for the problem under consideration 
was at simulation time equal to 0.1 seconds. The problem was traced 
by adding FORTRAN WRITE statements to key locations in the program. 

The problem was fixed by changing the order and numbering of five FORTRAN 


statements in Subroutine OMEGA2 (Problem Category 2). 


January 1976 


An update describing a correction to subroutine OMEGA2 of the 
SES aerodynamic subprogram was mailed to all known users of SES Version 
2. The program problem was that the air pressure change in the line 
segment, which contributes to both the airflows and the train drag, 
was sometimes being computed incorrectly. The error occurred in line 
segments that were in line sections having more than one line segment. 
It did not occur in the first line segment of a line section. The 


problem could occur for a line segment only if trains were in its line 


section. For these possibilities, the problem consisted of the previous 


Loy 


value for the change in air pressure over the end of a train being 
added at the end of a line segment when a zero value should have been 


added. 


This change updated SES to Version 2.08 (Version 2, Modification 


level 8). 


April 1977 


A problem was corrected in the SES train performance subprogram 
which monitors and controls the passage of a subway train through the 
system. A copy of the data set that uncovered the problem was obtained 
from the user (Kaiser Engineers) and was tested on PBQ&D's IBM 370/135. 
This simulation showed that for a rare situation, the train performance 
subroutines could not properly monitor the location of a train, and 
therefore, could not control it. The problem was traced to the precision 
with which Subroutine TRAIN computes the distance the train has traveled 
in a single program time-step, and the strategy that Subroutine LOCATE 
used to locate the trains with respect to the track sections, etc. 

This problem was eliminated by minor changes to Subroutines TRAIN and 


LOCATE (Problem Category 3). 


A package fully describing the above problem and its corrections 
was transmitted to the known users of SES Version 2. In addition, 
a complete, up-to-date tape of SES Version 2.09 was supplied to the 


TSC. 


August 1977 


The following minor problems in the SES Program were discovered 


and corrected 


1) The checking of the input parameter, "Front of Train Drag 
Coefficient", was being done with a set of limits that were inconsistent 


with those in the User's Manual (Subroutine GARAGE) (Problem Category 1). 


2) If an incorrect value was entered for the deep sink temperature, 
the program interpreted it as a fatal error. It should have been 


a non-fatal error (Subroutine ERROR) (Problem Category 1). 


3) If a train was operating above grade, its drag coefficient 

had one value when any subway system was being simulated and another 
when only above-grade operations were being simulated. The error 
was minor, being about 8 percent for a typical train (Subroutine 


LOCATE) (Problem Category 1). 


4) The input of a non-existent train type into the track section 
data (Input Forms 8) was supposed to be a fatal error with an 
immediate halt to the processing of the input data. This halt 


did not always occur (Subroutine TRINS) (Problem Category 1). 


5) If a train route was input as passing through a certain line 
section and in fact it could not pass through this line section, 
the wrong section input was not written out. In addition, this 
error should have been a fatal error instead of a non-fatal error 


(Subroutine TRINS) (Problem Category 1). 


6) The internal use of the "Fan Time On" parameter (time at 

which a fan is turned on) in the program was such that when a 

fan was defined as being fully operational at the beginning of 
simulation, there was an unnecessary opportunity for the solution 

of the aerodynamic equations to be unstable. This may have caused 

the use of a smaller than necessary time increment for the aerodynamic 


integration (Subroutine VSINS) (Problem Category 1). 


The write-up describing the use of both the "Fan Time On" and 
the "Fan Time Off" input parameters in the User's Manual was added 
to and improved upon. This write-up constituted revision number 14 


to the SES User's Manual (Problem Category 2). 


A package fully describing the above revisions and their background 
was transmitted to the known users of SES Version 2. In addition, 
a complete, up-to-date tape of SES Version 2.14 was supplied to the 


TSC. 


-10- 


April oii 


The contract completion date was extended to August 31, 1978. 


August _ 1978 


The contract completion date was extended to October 6, 1978. 


4. SES USERS 


As of October 6, 1978 the following organizations had obtained 


a copy of the SES source code: 


Organization Use* 
Parsons Brinckerhoff Quade & Douglas, Inc. Heavy 
Kaiser Engineers . Heavy 
Deleuw Cather Heavy 
Jet Propulsion Laboratory Medium 
Kotu Kikai Setubi Sekke Jimusho Ltd. 

(Japanese Consultant) Medium 
Washington Metropolitan Area Transit Authority Medium 
C.E. Maguire, Inc. Medium 
The City of Philadelphia Light 
The Port Authority of New York and New Jersey Light 
Consorcio Nacional de Engenheiros Consultores (Brazil) Light 
Sverdrup and Parcel and Associates Light 
Transportation Systems Center Light 
New York City Transit Authority Light 
Bechtel, Inc. Light 
Montreal Urban Community Transit Commission Light 
Snowy Mountains Engineering Corporation (Australia) Light 
# "Heavy" users have completed two or more projects, and have two 


or more underway; "Medium" users have completed one project, and 
have at least one underway; and "Light" users are beginning their 
first application. 
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APPENDIX A 


SOFTWARE MAINTENANCE PROCEDURAL GUIDELINES 


(Revised December 2, 1977) 


These procedural guidelines were sent to SES users to inform them 
of the existence of the maintenance project and the procedure for reporting 
problems and obtaining technical assistance. The User Registration 


Form was used to obtain information on the SES Users. 


Section 


TABLE OF CONTENTS 


OJBECTIVE 

LIMITATIONS 

REGISTRATION 

SES REVISIONS 

USER'S RESPONSIBILITY 

REQUIREMENTS TO RECEIVE ASSISTANCE 
PROBLEM REPORTING PROCEDURE 


RECORDKEEP ING 


A-2 


Subway Environment Simulation (SES) Computer Program 


Software Maintenance Procedural Guidelines 


I. OBJECTIVE 


The Subway Environment Simulation (SES) Software Main- 
tenance Plan is designed to give assistance to SES program 
users who encounter problems with either the software or 
documentation. Technical assistance will be provided by 
Parsons, Brinckerhoff, Quade & Douglas, Inc. (PBQ&D) through 
a contract with the Transportation Systems Center of the 
United States Department of Transportation (TSC). This 


contract will be in effect until about April, 1980. 


This service is provided to the SES program users in 
an effort to foster the use of improved subway design tech- 


niques and for the benefit of transit-using public. 
II. LIMITATIONS 


Technical assistance is provided under these guide- 


lines subject to the following limitations: 


the Maintenance will only be provided for the Sub- 
way Environment Simulation (SES) Program, Ver- 
sion 2, as updated to include all subsequent re- 
visions or versions. 
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25 This assistance does not include problems related 
to computer hardware, operating system problems 
or limitations, or problems related to a particu- 


lar computer installation. 


ce Any user modifications to the SES, except array 
size adjustment, are not covered under these guide- 
lines. However, assistance may be given for prob- 


lems which are not related to user modifications. 


4. These guidelines provide for technical assistance 
relating to software and documentation problems 
only. Only a very limited amount of application 


assistance can be provided. 


Bia All technical assistance is subject to the prior 


approval of the TSC. 
III. REGISTRATION 


SES program users are requested to complete the attached 
"User Registration Form" and send it to PBQ&D at the address 
given in Section VII below. Only registered users of the 
SES program will be provided with software or documenta- 
tion revisions or may receive technical assistance under 


these guidelines. 


IV. SES REVISIONS 
When necessary, all registered users of the SES pro- 
gram will be notified of program revisions. These revi- 


sions will contain the following information: 


Revision Number and Date 


(for identification) 
Problem (brief description of problem) 
Symptoms (visible signs of problems) 


Correction 


(how to correct problem - usually program change) 
Effect on Previous Results 
(validity of results obtained prior to implement- 
ing this revision) 
General Notes 


The current version of the SES is: 


Version 2, Revision No. 14 Date: August 12, 1977 


Ve USER'S RESPONSIBILITY 


The SES user must perform the following tasks: 


Provide himself with technical computer expertise 


to do the following: 


Make the SES program operational on his own 


or a vendor's computer. 


Prepare his own operating system control 


cards. 


Transcribe his data from input forms to machine 
readable form and submit problems for pro- 


cessing. 


Possess a reasonable understanding of the 
error messages generated by his computer's 


operating system. 


Understand Chapters 1 and 3 of the Programmers 
Manual which relate to the program software/hard- 


ware interface. 


Run the SAMPL5 test problem to verify that the 


program is operating properly. 


Be familiar with the information in the SES User's 


Manual. 
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D. Incorporate the SES Program Revisions as soon 


as possible. 


VI. REQUIREMENTS TO RECEIVE ASSISTANCE 


The user may be asked to provide the following informa- 
tion and/or items to assist in locating and correcting the 


problem: 


A. A description of the problem, its nature and symp- 


toms. 


Bye A copy of the computer output indicating the prob- 
lem, and other outputs on which the same or a 


Similar problem was observed. 


C. A SES schematic diagram for the run(s) in B above, 
with node numbers, section numbers, line segment 
numbers, and ventilation shaft segment numbers 


indicated. 


Dy. A listing and/or card deck of the input data for 


which the problem occurred. 


E. FORTRAN compiler output showing: 


iE. A listing of the source statements ("SOURCE" 


option on IBM). 


26 


4, 


A table of variable names showing type and 


storage location ("MAP" option on IBM). 


A table of statement labels showing the rela- 
tive address assigned to the label ("MAP" 


option on IBM). 


An object language listing in a psuedo assem- 
bler language format may be requested on 
an individual subroutine basis ("LIST" op- 


tion on IBM). 


F. Linkage Editor (or Allocator) output showing: 


1. 


A list of the control statements ("LIST" 


option on IBM). 


A map of the load module (or main memory) 
showing the relative location and length 
of the main program and subroutine ("XREF" 


option on IBM). 


In cases where the problem is suspected to be machine 


dependent, or related to the operating environment of the 
machine on which it occurred,the user may be asked to make 
additional runs on his computer at his expense to help lo- 
cate the problem. The user may choose not to make these 
additional runs, however this will probably cause efforts 


to correct the problem to cease. 
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It is expected that all items supplied to PBQ&D will 
be returned to the user, however, no responsibility is as- 


sumed for loss or damage to any items supplied. 


The information provided by the user concerning his 
application on which the problem occurred (Items B, C and 
D) will be held in confidence by PBQ&D and the TSC if so 


requested. 
VII. PROBLEM REPORTING PROCEDURE 


If a problem occurs the user should first check to 
be sure that it is not caused by erroneous input data. 
If the user believes the problem is caused by a program 


malfunction, he can then obtain assistance under this plan. 


To obtain assistance the user must first notify the 


TSC, at the address below, and receive their approval. 


Mr. Neil Meltzer 

Code 233 

U.S. Department of Transportation 
Transportation Systems Center 
Kendall Square 


Cambridge, Mass. 02142 


Telephone: (617) 494-2192 


A-9 


After TSC approval is obtained, the user may communi- 


cate directly with PBQ&D at the address below: 


Mr. William D. Kennedy 
Parsons Brinckerhoff Quade & Douglas, Inc. 
250 West 34th Street 


New York, N.Y. 10001 
Telephone: (212) 239-7945 


or, in his absence 


Mr. James W. Guinan 


Parsons Brinckerhoff Quade & Douglas, Inc. 
250 West 34th Street 


New York, N.Y, 10001 
Telephone: (212) 239-5159 


VIII. RECORDKEEPING 


Records will be kept of all work performed by PBQ&D 
under these guidelines. A file will be maintained for each 


registered SES user which will contain the following informa- 


tion: 
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l. User Registration Form 


2. All written correspondence 


PALA 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


USER REGISTRATION FORM 


Part 1 of 2 


Firm Name: 

Address: 

Representative Alternate 
Name: Name: 
Address: Address: 
Telephone: Telephone: 


Computer Configuration 


Make: Operating System: 
Disks (number 
Model: and model): 
words 
Main Memory: bytes 
Vendor Drums (number 
(if applicable): and model): 


Tapes (number, 
model and tracks): 


Other Information: 
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SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


USER REGISTRATION FORM 


Part 2 of 2 


SES Program Information 


Source: (J T.s.c. or PBQ&D Date: 


() other Date: 


Latest 


Version: ia ‘ 
Modification Level: 


User Modifications: 


Application (optional): 


Comments : 


Information 
Supplied By: Date: 


A-13/A-14 
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APPENDIX B 


USER'S AND PROGRAMMER'S MANUAL REVISIONS 


The revisions contained in this appendix were issued to all registered 
SES Users to update their User's Manual (Ref. 1) and Programmer's Manual 
(Ref. 2). Fourteen revisions to the User's Manual and one revision to the 


Programmer's Manual were issued during the project. 


REFERENCES 


Vs Associated Engineers/A Joint Venture, Subway Environmental Design 
Handbook, Vol. II, Subway Environment Simulation Computer Program 
(SES), Part 1: User's Manual, prepared by Parsons Brinckerhoff 
Quade & Douglas, Ine., for U.S. Department of Transportation, 


National Technical Information Service Number PB 254 789, 1975. 


ee Associated Engineers/A Joint Venture, Subway Environmental Design 
Handbook, Vol. II, Subway Environment Simulation Computer Program 
(SES), Part 2: User's Manual, prepared by Parsons Brinckerhoff 
Quade & Douglas, Inc., for U.S. Department of Transportation, 


National Technical Information Service Number PB 254 790, 1975. 
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VIII. 


Revision 


Revision 


Revision 


Revision 


Revision 


Revision 


Revision 


Revision: 


Revision 


Revision 


Revision 


Revision 


Revision 


Revision 


Revision 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


TABLE OF CONTENTS 


USER'S MANUAL REVISIONS 


PROGRAMMER'S MANUAL REVISIONS 
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Page 


B-19 


Zr 


asi 


November 18, 1976 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


USERS MANUAL REVISIONS NUMBERS 1 THROUGH 13 


Page 10-16. Corrected upper limit of NUMBER OF TRAIN ROUTES from 4 to 6. 


Page 10-64. Corrected lower limit of FAN LOWER FLOW LIMIT from -50,000 
to -100,000. 


Page 10-84. Clarified explanation of TOTAL WEIGHT OF RESISTANCE ELEMENTS 


PER CAR. 
Page 10-94. Clarified explanation of RESISTANCES. 


Appendix H, Brief Instructions for FORM 1E. Corrected upper limit of 
NUMBER OF TRAIN ROUTES from 4 to 6 (Same correction as Page 10-16). 


Appendix H, Brief Instructions for FORM 7A. Corrected lower limit of 
FAN LOWER FLOW LIMIT FROM -50,000 to -100,000 (same correction as Page 
10-64). 

Appendix H, Brief Instructions for FORM 9C. Clarified explanation of 
TOTAL WEIGHT OF RESISTANCE ELEMENTS PER CAR (Same correction as Page 
10-84). 


Appendix H, Brief Instructions for FORM 9H. Clarified explanation 
of RESISTANCES (Same correction as Page 10-94). 


Page 8-18,Chopper Input Instructions Clarified. 
Page 8-32, Chopper Input Instructions Clarified. 
Page 8-33, Chopper Input Instructions Clarified. 
Page 8-35,Chopper Input Instructions Clarified. 


Page 8-35a, Chopper Input Instructions Added. 
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IX Revision No. 9 


out of the motor circuit. By eliminating the need for external resistance, 
the chopper at once demonstrates a savings in traction power requirements and 


a reduction in heat input to the tunnel air. 


At base speed, the full motor rated voltage is applied to the motors. For 
example, in the case of the Westinghouse chopper system used in the BART and Sao 
Paulo Metro cars, the chopper switches at a normal frequency of 218HZ with an “off” 
interval of about 6% of the total cycle time. To further extend the high-power 
portion of the accelerating wet beyond base speed, motor field weakening is 


employed, as in the case of the cam-controlled train. 


Cam Controller vs. Chopper Controller 
Cam Controller - 
Advantages 
ans Thoroughly tested and refined through years of service. 
Zs Lower initial cost and also lighter. 
3. Does not require separate blowers for equipment cooling. 
4. Simplicity of the circuits makes trouble-shooting relatively 


easy and keeps maintenance skills to a minimun. 


Disadvantages 

5 ee More maintenance required for periodic replacement of switch contacts. 

2. Ride quality may not be smooth, depending on the number and arrange- 
ment of resistance notches; and large step current changes may 
aggravate wheel oe and slip. 

3% Acceleration resistor grids make the power consumption per car-mile 
higher than the chopper control and generate heat. 

4. Only rheostatic braking is practical, and as a result, more heat 
is generated. 
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The line current varies linearly from zero speed up to base speed. 
(See Figure 8.8.) This is caused by the linear variation of the chopper 


duty cycle (duty cycle = ton ). The voltage imposed across the 


+ t 
con off 


motors increases with increasing duty cycle and the back EMF from the motors 
increases linearly with speed. Therefore, to maintain a constant current 
through the motors the voltage imposed on the motors must be increased 
proportionally. The line current also increases because of the transformer 


action of the chopper (i.e. ExI = 2) Dy 


n 


Tractive Effort versus Train Speed 

This curve consists of three portions: a constant portion, and two 
hyperbolic portions. Tractive effort is constant from zero train speed through 
point 1 to point 2. Field strength reduction begins at point 2 and ends at 
point 3, and over this range the tractive effort is assumed to vary hyper- 
bolically with respect to train speed. Points 3, 4 and 5 are on the minimum 
field strength motor curves, which are approximated by a 2nd order hyperbola. 
Point 3 is the point at which the minimum field strength curve intersects 
the design current. Point 5 should correspond to a high train speed which 
the train would not normally exceed, and point 4 would be an arbitrary point 


which is approximately equi-distant from points 3 and 5. 


Motor Current versus Train Speed 

This curve consists of two portions: a constant portion and a polynomial 
portion. The constant portion of the curve extends from zero train speed to 
the speed at which field strength reduction is completed (point 3). The 
actual current through the motors is constant at the design value from zero 
to point 2, but may fluctuate above and below the design value during the field 
strength reduction, from point 2 to point 3. If present, these fluctuations 
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are approximately equal above and below the design current so that the current 
May be considered constant through this phase of the train operation. Once the 
minimum field strength is reached the motor current begins to decrease with in- 
creasing train speed. Points 4 and 5 define this portion of the curve. In this 
case the points on the curve are used to define the motor current versus speed 
relationship. It should be understood that these points are at exactly the same 
speeds, and are actually the same points as those used in defining the tractive 


effort versus speed relationship. 


Line Current Versus Train Speed 

The line current versus train speed relationship for a chopper-controlled 
train is approximated by a curve which consists of three portions: a linear 
portion, a constant portion and a polynomial portion. The linear portion 
extends from zero train speed to the speed at which field strength reduction 
begins (point 2). The current is held at nearly a constant value until field 
reduction is completed (point 3). Once the minimum field strength is reached, 
the line current, begins to decrease with increasing train speed. Points 4 and 


5 define this portion of the curve. 


8.5 Entering Motor Performance Characteristics (Input Form 9F) 

The motor performance characteristics are described to the SES program by 
specifying the train speed, tractive effort and motor current which correspond 
to certain critical points on the motor characteristic curves. Each point 
consists of a set of three corresponding readings, one from each scale on the 


motor curves (see Figure 8.6). Four points must be specified on Input Form 9F: 


First. The speed at which field strength reduction begins--this is the 
point where the starting current line intersects the maximum 


field strength train speed curve (point 2 on Figure 8.6). 
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Rv = the armature and motor field resistance, ohms 
E = line voltage 
n = chopper efficiency 


The value of the line current for the remaining speeds is obtained 
by substituting the value of the corresponding motor current, entered on 


input form 9F, in the following equation: 


ee Ses 
L n 
MEE a = the limiting value of the chopper duty 
A t 
cycle, i.€y a = on 
+ 
ton “oft 
Iu = the motor current, amps 


In addition, the limiting value of the chopper duty cycle can be obtained from: 


2E 
a -_ 
= 
L 
where: 
Eu = the rated motor voltage 


It should be noted that in general the limiting value of the duty cycle 


of the chopper, a , will not be equal to 1.0 (i.e.,the chopper will not 


MAX 
attain a full conducting mode). For example, if the line voltage is 750 
volts and the rated voltage for each traction motor is 300 volts, a will 


be 0.8. 


The user has the option of entering two values for the chopper efficiency. 
The first value entered will apply for train speeds ranging from zero to Ul. 


The second value entered will apply for speeds greater than Ul. The speed 
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Ul is entered as miles per hour. If the user wishes to specify only one effi- 
ciency, he must enter a number for Ul greater than the maximum speed reached 


by the train during the simulation. 


The user must enter a value for the regenerative braking effectiveness. 
If dynamic (rheostatic) braking is called for, ZERO (0.0) must be entered 


for the regeneration effectiveness. 


8.7 External Resistance versus Train Speed (Input Form 9H) 


This curve consists of two portions, both of which are linear with 
respect to train speed but are separated by a discontinuity. The two 
portions may have different slopes. The initial value at zero train 
speed is the value of the acceleration grid resistance which is in the 
circuit when the train starts from rest. This external resistance is 
decreased in steps until its value is zero at the transition speed (point 
1). For the purposes of the simulation, each individual step is ignored 
and this decrease in resistance is considered to be linear with respect 


to train speed. 


At the transition speed (point 1), the motor circuit is switcned from 


series to series-parallel connection. The acceleration resistor grids are 
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August 12, 1977 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


USER'S MANUAL REVISION NUMBER 14 


Page 4-65 is revised. A user suggestion for preparing fan operating 
times was added. 


iL 7/ 


the fan performance curve to account for the difference between the two 


densities. This given density is usually .075 Lbs/cu. ft. 


Fan Type. Two fans are the same type only if they possess identical 

fan curve, run-up times, upper and lower operating flow limits, and air 
densities at which the fan performance curves were measured. Data 
describing each different fan type must be entered in Forms 7A and 7B. 
The fan type identification numbers are assigned to each fan type 
according to the order in which the fans are entered in the data. The 
first fan type entered is fan type 1, the second fan type entered is fan 


type 2, and so on until all the fan types nave been entered in the data. 


User Suggestion. A user may locate a fan in a ventilation shaft but 
not operate the fan during the simulation by entering a number greater 
than the Maximum Simulation Time for the Simulation Time After Which 


Fan Switches On. 


In version 2 of SES,the fan run-up curve is applied to both 
fan run-up (after switching "on") and run-down (after switching "off"). 
This means that the fan remains active past the Simulation Time After 
Which Fan Switches Off (on Input Form 5C) for a time equal to the 
Time Required For Fan To Reach Full Operating Speed (on Input Form 7A). 
To prevent unwanted fan operation, it is suggested that the fan switch-on 
time and switch-off time be set to a time greater than the largest 


Maximum Simulation Time which is anticipated. 
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I. Revision No. 1 


November 18, 1976 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 
PROGRAMMERS MANUAL REVISION NUMBER 1 
1. Appendix E, Page 3. The table used for Core Storage Computation 
has been corrected to be consistant with Version 2 of the SES. 


These corrections did not affect the following page, Page 4 of 


Appendix E. 
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APPENDIX C 
SOURCE CODE REVISIONS 
The revisions contained in this appendix apply to Version 2 of 


SES. They were issued to all registered users. 14 revisions to the 


SES source code were issued during the project. 
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I. Revision No.l July 23, 1976 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 1 TO VERSION 2 


Problem 
The rate of train Power Loss has been found to be incorrect when 


a train was coasting downhill. 


Symptoms 

An additional term, which is the rate of change of the train's 
potential energy, was being included in the calculation of train Power Loss 
when a train was coasting downhill. This resulted in an overestimation 
of the rate of train Power Loss, and subsequently the rate of train Heat 


Rejection. 


Correction 
See attached corrected listing of subroutine HEAT. Corrected 


lines are indicated by a "C." 


Effect on Previous Results 
Previous results would show an overestimation of the train Power 
Loss and Heat Rejection by an amount equal to the change in the train's 


potential energy while the train is coasting downhill. 
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setae July 23, 
II. Revision No. 2 
SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 2 TO VERSION 2 


Problem 
The average value for relative humidity was being reported 
incorrectly for subsegments other than the first subsegment in each line 


segment or ventilation shaft. 


Symptoms 
In some cases, an unreasonable value for the average relative 
humidity was being reported. In addition, the columns of numbers were 


not aligned in the output. 


Correction 
See attached corrected listing of subroutine SUMARY. Corrected 


lines are indicated by a "C." 


Effect on Previous Results 

The correct value of average relative humidity may be calculated 
from the incorrect value which was reported for the second thru last 
subsegment in a line segment or ventilation shaft by multiplying the 


incorrect value by the following quantity: 


Time Interval ay Number of Cycles Per ) 
Cycle, in Seconds Thermodynamic Evaluation 
ay between Previous Summary =) 


LOOM vx ( 


This Summary, in Seconds 
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III. Revision No. 3 July 23, 1976 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 3 TO VERSION 2 


Problem 
Under certain circumstances a floating point division by zero 
may occur in subroutine TRAIN. This may also result in the "runaway" 


operation of the affected train. 


Symptoms 
Floating point division by zero will result in a Simulation Error 
Type 2. The accompanying message gives the simulation time at which the 


error occurred. 


Correction 
See attached corrected listing of subroutine TRAIN. Corrected 
lines are indicated by the letter "C,";new lines are indicated by the 


letter "I." 


Effect on Previous Results 
This problem is present only in runs containing a Simulation Error 
Type 2. Runs containing this message must be examined on an individual 


basis to determine the validity of the results. 
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IV. Revision No. 4 
July 23, 1976 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 4 TO VERSION 2 


Problem 
An unitialized variable has been found which may sometimes result 
in UNDERFLOW or OVERFLOW messages. Results are not affected. The program 


version number is also updated to 2.04. 


Symptoms 
This problem is intermittent, and may result in floating point 


UNDERFLOW or OVERFLOW messages produced in subroutine MAXMIN. 


Correction 
See attached corrected listing of subroutine VSINS. New lines 
are indicated by the letter "I." Also see attached corrected listing of 


subroutine INPUT. Changed lines are indicated by the letter "C." 
Effect on Previous Results 


The UNDERFLOW or OVERFLOW messages may have prevented program 


operation. However, the results are not affected. 
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V. Revision No. 5 


November 18, 1976 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 5 TO VERSION 2 


Problem 
Items to be printed as part of the optional supplementary output 


did not print correctly. 


Symptoms 
The use of supplementary output option number one should cause 
the output of additional items in the Environmental Control System Load 
Estimates. Among these items should be the directional components of 
the sensible and latent convective loads for each subsegment. The program 


has been printing asterisks for these items. 


Correction 
See the attached partial listing of Subroutine ACEST2. The three 


lines to be corrected are indicated by a "C." 


Effect on Previous Results 
This problem did not affect the calculation or output of 


any other items. 


7O°VO°2T/9TE°9OL 


31Vv0 


00€S0000 


OOZSO000) ak tO to gookakdokactar SIJTAVIUVA YIOFIINI NOI IOI Ot RO RR a Og IORI IOI keg gO ge aie ak 


00160000 ; 
00Cs0000 , JUVHSG JGNIINI 
00640000 ‘ : 
0080000 *SHUNLVUAdWIL AYVONNIOG AV JUV YO (SINUZ OL YOIdSINI 

00240000 JSOH1L) JYNIVYIdWIL NOISIG LV 3Y¥v SAGON Y3HLO IW JONIS 

00940000 S3NO0Z G3ITIWYINOONA NI SJGON YO4 G3SN AING SI AI °NOLAVUSLI 

00S%0000 ONINOILIGNOD YIV — ANIS 1VS5H SHL JO Luvd SV eWulde JHL 

00%%0000 AY G31NdWOI N35SQ SVH IVHL DJIS/(4 DIG)*(Exs14S) NI (SSNL+300N 

00€%0000 YO) SSNi-ZZ1 JGON DJIWVNAGOWYSHL ONIAV3I ADXINS JOVYSAV BHL 

00240000 SI (ZZ1)IYIVL *3GONIN+SSNL OL T4SSNL WOU ZZ1 4O S3NTWA wOS (2 
00140000 *NOIS3O OL IWNOI 

00040000 S3¥NLVUAdWIL JOVYUSAV 3AVH OL GAWNSSV 3uv S3NOZ G311UNLNOD 

O06€0000 NI SINAW93SENS 3H 3ONIS S3NOZ G371OYLNOINN NI SiN3W9aSENS 

OOBEOCOO YO4 AING G3SN SI LI °NOTLVuaLT ONINOILIGNOD YIV - 

00Z€0000 MNES LV3H 3HL JO LuVvd SV eWdiGe JHL AG G3LNdWOD W339e SVH 

OO9E0000 IVHA 4 9390 NI 221 LNW393SE8NS YO AYMIVUAdWIL Y1V LNAW93SENS 

OCSEQOOO ADVUSAV 3HL SI CZZ1)BIVL *SSNL OL T WONS ZZ7I 4U S3NIVA wos (1 
00%€0000 SONINVAW OML SVH (7Z1)¥IVE 
00€€0000 

00z€9000 *S3ILIGIWNH J145193dS AYVGNNOG tv 3uv YO (S3NOZ OL 

OOTECOOO WOISINI SSCHL) ALIGIWNH 914193dS NOIS3G LV 3¥v S300N 43HIO 

0000000 IV 39NIS S3NUZ G371IOy¥LNOINN NI S3QON wO¥ G3SM AINO SI LI 
OO6Z0000NOI1VYSL1 ONINOILIGNOD YIV - ANIS LV3H 3HL JO Luvd SV sHdlde 

00820000 HHL AQ UFLNdwWOI NA3Q SVH AVHL 93S/(€xxL4) NI (SSNI+3GON 
0022000080) SSN1-Z21 3QON JIWVNAGOWYSHL SNIAVST 3YNLSTOW 39VuaSAV SHL 
OO9Z0000S1 (ZZ1IOTLVYH *3SGONIN4+SSNA OL T4SSNL WOUS ZZ1 30 S3NIWA dos (2 
v0S20000 *NOIS3G OL IWNOA SOLAVE ALIGIWNH 

00420000 DJIS19SdS ANVASAV JAVH O1 G3whiSSv 3Yx¥v S3NUZ Q3770diNOD 

O00£20000 NI SiNSW93SENS 3H1 3INIS S3NOZ G3770NLNOINN NI SiN3aW9aSEaNS 

00220000 YOd AINO GASN SI 11 °NUTLVadLI ONINOILIGNGD dv - YNIS 

00120000 1V3H 3HL 43O LYVd SV sHULGs 3HL AG G3LMdWOD N33¥8 SVH LVHL 

00020000 271 LNWA93SSENS YOd OLLVY ALIGIWNH JI4SID3dS YIV LNaWOSSENS 
OU6TOOOURIOVUSAV 3HL SI (ZZ1)OILVUH *SSNL OL T WOUS ZZ] JO S3NIWA UOJ (1 
00810000 SONINVSW GML SVH (ZZ1)01LVUH 
00210000 

00910000 °3nN0Z 3H1 NI 
00610000 93S1 1N3W93S 3NI7 H9V3 YO4 G3NOLS S$] LI °3NOZ U3T10NLNO) 
0010000 Vv wO4d J 930 NI JUNLVYadW3L BING 13M NOIS3G 3H1 SI (93S1)S1XM1G 
00£10000 

00210000 *3NOZ2 3HL NI 
00110000 93S1 1N3W93S 3NIV HIV3 YO G3UOIS SI LI °3NOZ G3710N1NOI 
00010000 v YOd 4.950 NI ALIGIWNH J14S193dS NOISSG 3HL SI (93S1)S7XHLO 
00600000 

00800000 °3NOZ 3HL NI 
00100000 93S1 1N3W93S 3SNIV HIV3 vos G3NOLS SI 11 °3SNOZ G37V1OYLNOI 
00900000 V YOd J 930 NI 3uNLVdadW3L BING AVG NOIS3O 3SHL SI (93S1)S7xG10 
00500000 

0000000 3NOZ G3IIOYINOI 3YNLVYadWaL V NI G3LV907 LN3W93SENS HIVE YS 
00£00000 JAVWILS3 GVO ONINOILIGNOD YlV NV S3LNdWOd S3NILNUYENS SIHL 
00z00000 

00100000 (HINYGNSSIXMLGO*SIXH1O*SIXGLO*GIAVYH IVE) Z21S39V 3NILNOVENS 


AIYXON*OI $L1G30N ‘dvwSavol*s HD3SGON* 1ST ION* 9109939*39YNOS 
*WOCOO=32 1S *2S=1NI3N1I7* ZO=1Ld0‘NIVW 


H NV8LlvyOI O9E/S0 


VVYOYVYVYUUVYOVYVYVVUUCUVUUUOUOUUUUUUUUUUOUUUUUUUUUOUUUUUUULOULY 


=3WVN - SNOI1dO Y3TIdWwOd 


z000 NS1 


( €2 NVf ) L°Te WA37 


C-63 


200 39Vd 


00801000 
00L0TO0O 
00901000 
00SUTO0O 
00%CTOOO 
O00LO0T000 
00c0TO0O 
OOTOTOOO 
O0000TOOO 
00660000 
00860000 
00260000 
00'760000 
00660000 
00760000 
00€600G0 
00260000 
00160000 
00060000 
00680000 
00880000 
00180000 
00980000 
0050000 
60%80000 
oceso000 
00266000 
00180000 
o00080C00 
00620000 
00820000 
00220000 
00910000 
00S20000 
00720000 
00£2L0000 
00220000 
001L0000 
000Z0000 
00690000 
00890000 
002190000 
00490000 
00690000 
00790000 
00£90000 


OO79I0N00N(C+1LIASW1) OMLENOTI9NSS * (1+1949SW1) 


0G190000 
0009000G 
006S0000 
008S0000 
002450000 
00950000 
00SS0000 
00%S0000 


(9) dGdX4N d3I9DSINI 

(LodiWd Xx GdXSW1) SITVIAVA JINVWoNdSYdd NIWVUYL L191 7dx3 
(9*09Z2)S195SN *(94O9Z)ISLIL5dN YsIVFi NI 
(9*092)S1 7MU ys9dLNI 


(LudiW) X LYSUWT) SAIGVIYVA NUILIAS HIVdL 


(9°ST)AMGHY9D YSOILNI 
(9°GT)YOULN YIVIINI 
(DIYOULWN S(9DIAYON © (9) dNOVOF *(9*GTIAdGALYY a¥3S9FILNI 


(LYdIWT X dOdIW1) ONV (LodIWI) SFIGVIdVA Y3HILVdSIO 


(9)LUSIN *£(9)LULd09 YyADGINI 
(LudiW1) S3TdvViuvVA 31NOU 
xiLd0 YIOIINI 


SATEVIAVA LSAVHXS WoOdSLV Id YIGNN 
(EVAYVIGN *(EVAYVIN YdUSINI 

(didlW1) SIIGVIYVA JdgAL JSTITHSA AVMUNS 
(OEV TIAL YIISINI 

SAIVIAVA xSLSNTD S3NOZ YNIWJOI wG ONTLV3H 
(9°O0S2)SSINII BsUSINI 

( dudtwt kK SSIW1 ) JLNOY NIVUL AD INIWOASDNS INI 

(96062) 6ULUX3 YyAOSINI 

( 3Z1S algvl X SSTWI D SJIAVIYVA LNSWOSISGNS JNII 
(OOCI¥HIGVL §(00E)2 1AVL YADAINI 


(LST9W1) 


(SSW1) S4ATAVIUVA INSWO3ASENS 
(O9IGTAVL *(ODISAdGALS * (O09) SADAXF *(09)SAGAL *(09)9978V4 UsJIFLNI 
(O9)SAWNN *§(O9)SANOLS *£(09)SAS0i4 YIOIINI 


( 9SSAWT ) SJIGVIYVA LNSW9SS LAVHS NOTAVILINIA 
(8*06)S INNUL YASDFIINI 
IN3W93S NI SNIVdt JO YSBWNN AQ LN3SW93S S3NIID 
(06 )S 1IdAL aJIIINI 
(06)819Vi *(O6)¥IGV1 *(O6)ETGVL *(06)S IWAN *(06)S7NYLN YIDIINI 
(93S IW1) SAWVIYVA LNSW9RS 3NI1 
(dOINW1) SAIVIYVA dO07 
(OO¥)6T TEVE d3931NI1 
(XLISW1) SYSGWON NOTLVITAILN3IGI WNY31xX3 JOON 
(SfOETIBTIGVL *(SOETZITEVE YZOFINI 
(QNISW1T X 3GONW1) 3GON OL GIIJINNOI SNOIL945S JU YIGWIIN AD S3IUGON 
(OOST)I2198VL YSYSINI 
(C1GiW1) SAIGVIYVA JOON JIWVNAGUY3V 


(O9SYiWT X 93ISTW7) 


(OETIUGNIdAL *(OETIGHIGVI *(2ETIECIOVE ys9FL I 
(OCT ICCIGVL *(OETIOTIAVI *(OETIGTIOVI *¢Z2ETIT WV YIOILNI 
(JGUNW1) SJ1WWVIYdVA 4AGON 
(OO¥%)*TIGVi YAIOILINI 
(CXLISWT) SYSOWAN NOTLVOISLTINAGE WNesalx3s NUILI3IS 
(O27)NVI YSOSINI 


( WdIW1 ) NOILI3S HONOYHL S$dOO1 € JO AONVYSAV G3LVWILSS « NGOILI3IS 
(Z27T)SSON *(TYTISUN *(0%T) ON dIDIALNI 
JNO+NOTL93S $¢193SW1) NOIL93S 


(OoT) T21avi *(OXTIOZ?VAOVA S(OXTIETIOVE ad9aini 
(O¥TIZT WV S(OHTITIIVGVI S(O¥TIOTIOVI *(O¥T 619VI YSIILNI 
(OF%TISGOLN YSOIINI 

(LOASW1) S3IGVIYVA NUILIIS 
JWIGYl SidOdi SSSNL SSSINL S3WILHL S1dOHL *(8TIWILSAS v393RiNI 
1dOdNS “HSVIS *3Wwiidd *1NO *idOWNH *1d0SH *1q03H YIDILNI 
459S4 *uddS30 *HiVAG *(8)31V0 *O3ud71d *ANVIG *3hWIL3V YIOSLINI 


SAISVIYVA Wu3N39 


oO vo VY 


47£00 


£€00 
e£00 


T€00 
O£00 
6200 
8200 
1¢c00 
9200 
S¢evud 
7200 
€¢00 
2c00 


T200 
0200 


6100 
8100 
2100 
9100 
S100 
+100 


€100 
e100 


T1co 
0100 
6000 
8000 
£000 
9000 
S000 


¥0Q00 
£000 


NS] 


NS] 
NSI 


NSI 
NSI 
NSI 
NSI 
NS] 
NSI 
NS1I 
NS1 
NSI 
NSI 


NSI 
NSI 


NS1 
NSI 
NSI 
NS1 
NS1 
NS] 


NST 
NS1 


NS1 
NSI 
NSI 
NSI 
NSI 
NSI 
NS 1 


NSI 
NS 1 


C-64 


€00 39Vd 


OOE9TOOR 


SLIwWIV aZIS AVauV 


0029T000 WOSLNM *WUWVAL NUWhOD 
OOTYTOOOSOWWML ‘UWVGML SSWILdd StdOdi *SSNL *SSINI SSwliHl *tdGHL NUWWO JD 
0009 1000 OWVGGL “WOWVL SVEGWVG “WAHLSAS $1d0dNS *1SiWNS NUWWOD 
00661000 HSV1S *JWlidd *GwV¥d *1NO *4NOZN NUOWnOD 
008ST000 DISAN *TNWAN SdALNIN 43LdULN *NVULN *S3GONLIN *SWILN NOWWO)D 
0026S 1000 YAWISN $94SSN *TLYOdN *dY¥ODdN *NVYLON *SASON *AWNSON NUWWO) 
009STOO0O AGONN *JASIN *TdISTN *SIN *dUOIN’ *dALNIN *M3N *VdALON NOWWOD 
OOSSTOOO LIS0N “LSNION *19P GUN “SUN SLdNWXW SHINOW “WILXVW “SSNI1 NOWWO) 
00¥STOOO 3417 'ddLSLH SHINYdY “EONEN *ZONGN * TONS *d35LSVN *Qd39vy NOWWU) 
OOESTICOO YLIVEL SHLAVUF S3VLVdE SNLISI] Sdddddl *‘3GONI ‘NI *ivnodl NOWWOD 
o0o0¢sTOOoOd LdOWNH “@WVWNH $1dOSH *YNOH SWEWVWH *3SdWVWH 41dU9H NUWWOD 
OOTSTOOO 459S3 $Y49dS30Q *H1L2719G 4817390 *H1150 £1730 *d1350 43V1350 NUWWOD 
000STOO0O HiV3SO *31V0 *O30ud10 *AINVIG “dWYNNVU *3WIL4SV NOWWO9 
0064T000 S3A1@VIYVA Wwe3N39 
008471000 

OOLYTOO0OD) eee eR OR tO ako dot NOWWOD totok oR tok i toi go aioe gota tk a a gk ak ak ak eg a 
0094%TOGO 

00S4¥T000 S3AIGVIYVA dNOXdO INldd 
0055T000 S3SIGVIYVA AdAL NVA 
o00£+TO000 S3STGVIYVA NIVUL IWNOTLVY3Id0 
002+*1T000 S3IGVIYVA ADNVWYOSUSd NIVUL LIJIT Wdx3 
oot” T1000 SSIGVIYVA NGIL9DSS HDVYL 
000+%1T000 S3ATSVIYVA YSHILVdSIO 
OO6E TOON SS1dVIYVA 31NOY 
OO8E T1000 (€ )AYOLOW Wau 
00L€1000 (EVAGIGIW S(EVAVIGIW *(EDAT *(EIATYHT * (EVAVOWVI Ww3ia 
009ETOOO SASIBVIYVA 3dAL ATIIHISA AVMUNS 
0O0SeTOOO S3S1BVIYVA 3JNOZ 
00¥%€TO00 (OSZ2)SSTHI *(0S2)SS19V1 Wwia 
OOEETOOO F S31GVIYVA LNASW9SSENS INIT 
ooccTtTooo (OOEISSWNST *(OOE)SSLTIHI Wv3iu 
OOoTETOOO SIJIBVISVA LNIWOISENS 
OOOETOOO (O09)SSAT *({09)SA1 Wid 
00621000 SAISVIYVA LN3W9SS LAVHS NOTLVIIINSA 
o008zI000 (O6)SST1T *$(06)S71 Waid 
00Z21000 S3S1EGVIYVA LN3W9SS 3NI1 
009¢T00G S318VIuVA dOO1 
00Sz2T000 S318VIlyuvVA 30G0ON 
00%2TO00 S318VIYVA NOILISS 
ooEzto00d0 SddHdW ‘UYIVIIN Vad 
oo0¢c2Toood SIIBVIYVA WdSN39 
OooTZTO0O0 

OOOCTICOOD) Kea eK ERE REE RRR RRR SITAVIMVA WAY ok Re tok Ro eR 
006TTO00 

OO8TTO00 (STIYDYdGN *(SGTIWNSYD *(GTIdDGGVYD *(GT)YdI NID Y3Z9NFLNI 
O0OLTTOOO ( d9XdWT ) SIIGVIYVA dNOYD INI Yd 
009TIO00 (O1T)INSST YSDZINI 
OOSTTOOO ( WAWT » S3TEVIYVA GVOT LVSH AQVSLSNNA 
OO¥TTO0O (dINSW1) SAWVIYVA 3dAL NVA 
OGETTOOO (OCVALYISL *(OE)VASd TL YS9ALNI 
oozT 1000 (OEIAWANL *(OE)ZASIN *(OE)ASIN YdIDSLNI 
OOTTTOOO (OE AFGOW *(OEIAdGALI S(OEVASIONI *(OEVXIGNI *(0€)AdG YIOIINI 
OQOOTTOOO (NVSLW1) SS3ITEVIYXVA NIVEL TWNOITLV¥add0 
00601000 (9*TOZIASWIL YSOZINI 


) 


OUVUUUUUOUYU LU 


1%00 
9400 


S%00 
4+00 
€4%00 


2400 


1400 


0+00 


6€00 


8£00 
2€£00 
9€00 


Ge00 


NSi 
NSJ 
NSI 
NSI 
NSI 
NS1 
NS] 
NSI 
NWSI 
NS1 
NSI 
NSI 
NS1 


NSI 
NSI 
NSI 
NS] 
NS1 


NSI 


NS] 


NSI 
NSI 
NSI 
NS] 
NSI 


NSI 


C= 65 


700 39Vd 


008Tz00c (O9D)SAXWd4 *(O9)SAUIGS *SAGAXS *(09)SAV *(09)SA5V NOWKWOD 
00L1z2060 ( J3SAWI SJTWVIYVA LNSWOSS LIVHS NOITLVIILNIA 
00912000 (91 606)STUNUL NOWhOD 
005612000 (OSUlW1s2 X 95S 1h) 
00712000 INSW9SS 3SNIV V NI SNIivul JO USEWAN SHL J9DIML AY ANS3WO9SS 3N11 
00€12000 SINNdL NOWWCI 
OOZ12000 (9SY¥LW7 X 93SSIW1) LNGW94S JNIT NI SNIVUL JO YADWAN AW LNSW9SS ANI 
00112000 (O6)SSTIOA *SIdAL *(06)S THNSL *(06%2)S 150GHL NOwWnO9 
00012000 (O6*Z2)SINQHL *OldvVi SHIbVi SETAVL §£(06)SS79NS NOWWO9 
00602000 (06)SIWudd *(O06)STANYX *(06)S13¥ *(06)STWuad £(06)S1ANUd NOWr.O9 
00802000 SIWAN *STNYLN *(6°O06)STWYN *SS77 *S77 * (060574 NOWWOD 
O0OLO0Z000 (06)S144545 £(06)S1Sd5 *(06)STWMLG $(06)S7494M10 £(06)SI1WHIG NUOWWO9 
00902000 (06)S73SH1G *(06)SIWGIG £(06)S73UL0 *(06)STLEG * (06)S1d459 NuwW02 
00502000 (06)S1N39 $(06)51d99 *(06)SIN8D *(06)ST19 *(06)S1V NUWKAOI 
0002000 { 93SIWT ) SATUVIYVA LN3IW9SS JNID 
00¢€02000 (0001)d19 NCGWhO9 
00262000 (dVGW1) 9 2@e#1L93SW14S0°O ATINISWIXUNddV 
00102000 1V GHLVWILSS 3Z1S AvuyV - S1N3191435309 3O XIYLVW JIWVNAGOUSY 
00002000 (GLIdTO0 *(SL)dVddIO £(G6L)d7193WO *$(62)d1L000 NOWWOD 
00661000 ( dOINW7 ) S318VIXVA d0O0t 
00861000 (SSO4T)INLGOTS $(SSO4TINIGIWS §(5°O0%T) NiDHWS NOWWOD 
00161000 ( GNOISW7 X GNHLWT ) 
00961C00 JQON V GL G3LISNNOD SNOILIIS 3O YSAWON AG SIUGON JIWVNAGUWe¢3H1L 
00561000 (OVTINIGGL *COFTINISAVL *(O4TINIWAH *(O%T)NIOXAVH NUWWOD 
00+%6 1000 *( GNHiW1 ) SATGVIYVA 3JUON JIWVNAGLUWYSHL 
0061000 (0S6)GN3VU) NOWKWUD 
00261000 ( GNOIW? >) SIN3I9144309 NOITLINGS IJIWVNAGOYIV 
OOL6 1000 Z18VL NOWWUOD 
0006 1000 (Z1G1W1) S3IV@VIUYUVA 30GN IIWVNAUUYSY 
0068T000 : 611avL NOWWOD 
00881000 SY3Z9WAN NOILVIISILNSJGI WNY3LX3 3JUON 
OOL8 1000 ONIdAL *SYTEVE NOWWOD 
00981000 €Z1avi *Z22IavVi S8TIGVLA SLZTIGVi *9TIVEVI *GTIIG8VL *TI10VE NOWnO9 
00661000 ( 3GONW17 ) S3198VIxavVA 3GON 
00*8 1000 +1VEVL NOWWOOD 
OOE8TOOO SUBGWAN NOLLVIIAILN3AGI WNdsLxX3 NOILIIS 
oozsto00 NVI NOWKOD 
OOIBTOOO ¢ AIddwWI ) NOILISS HONOYHL SdOOT E€ AO J9VUYSAV GILVWILS4S NCI 1935S 
0008T000 SSGN NOWnU2 
00621000 (Z+193SW1) OML NOI1L94S 
00821000 (O¥HTISMOTA *(O¥TISHOIHA *1218ViL SO? TEVA SE1IGVE NURWUD 
OOLZTOOO ZIlvi *TIIGVL SOTTUVL “61GVL SCO4TISdOWNS *(O¥TISNOWIS NOWn09 
00921000 (OXVTINWSO *(O4TIXWSO *COFTISTAVSOD *(049TISO *(O0%TISUSWO NOWKOD 
00511000 SdDIN *(O%TISUXN S(O¥TISONW *(O4T)ISIGOU *(0%1)SN59 NOWWOI 
00%21000 (O¥T)Sd3ID *COXTISH *(OHTISIG *(O4TISMOIV *(0¥TISHILHV NGWwO3 
OOELTOOO , ( 1943SW1 >) S3IWVIYVA NOILIISS 
00221000 SNigim *SNOI9M NOWWOID 
00121000 UIVSTA *@INOL “NODHL *NVS3SLS SISdVS “OHNIVS *LHMOHY NOWKO)D 
00021000 SVWOHY *dQOHY SaVAuGY “Ud *Id “YIVAN *SadHdW *OZHAH Nukwod 
00691000 JQ9VU9 *NI 4d SHdWSdd *dHOITS *NLGATS 6dd *OTEHNIG SdW5LEV NOWhOD 
00891000 SLNVLSNOD TVIISAHd 
00291000 D3SAWT *TAWT SLUSIWT Pdddiwd “OSudtWT SLeyotwd *dO¥LWI NOWWOD 
0099T000 NVOLW) *GNHIW? $Z2101W7 SNLSSWT 8SSW7 *L9SSW7 *XLISWI NOWWOD 
oos9toco OQNISW1 *d9UdWT *XCONWI *300NW7 *dOINW) *SSIW1 *94STWI NOWWOD 
OOFITOOONId IW @AdIWI *dINJW1 *OdX3W1 SWvOSW1*ONOIW1 54S TIWIS d1E8WI NOWWOD 


Ov 


S600 


4600 


£600 


z600 
1600 
0600 
6800 
6860 
2800 
9800 


S800 


7800 


€800 


7800 
T800 
0800 
62100 


8100 
4100 


9100 
sl00 
4100 


£200 
cL00 
TL00 
04006 
6900 


8900 
14900 
9960 
S960 


7900 
£900 
2900 
1900 


NS1I 


NS] 


NSI 


NSTI 
NS] 
NSI 
NS] 
NS] 
NS] 
NS] 


NS] 


NSI 


NSI 


NS1 
NSI 
NSI 
NSI 


NS] 
NSI 


NS1 
NSI 
NS1I 


NSI 
NS I 
NSI 
NS1 
NS] 


NS 1 
iS I 
NS] 
NSI 


NSI 
NSI 
NSI 
NS1 


€-66 


SOO 39Vd 


00€22000 (Y)LSOYNS SC HVLSUENS £04) L502N4 SCH) LS0TNA SC4) 1 4dT9NA NUWWOD 
00222900 (VILITENS *(VILATZNA * CHOLITING SC4OL5IWID 804) 15HWAD NOww09 
00TL2000 ( dINJWT ) SATHVIAVA J3dAL NVA 
00022000 (OEYAX S(OEVALSVIX S1LOLIALV dA S(OLIAN *(OEIASAVNG| NUWWUD 
00692000 ALYISL *AWANL *ASdTL *(OLIADIGSL *(OEIADIVIL * (OE IASZL NUWWO 2 
00892000 (OEIADAVVL SLOZIALISISY S(OEIALHWY SLOEIAWNSOS *(0€) 5dd10 NUWWO9 
00292000 (OE VAIGYIO *(OLIAIVYSO *(OL)YADIGOD *(OEIAIIVO *ZASLN NOWWO) 
00992000 ASIN *A3GOW *AdALIE *AZLOUT *XS0NI * (OE ALONG NUWWGOD 
OOS9ZOOOLOEADVYG *Add *(OE)ADGYIG *(OEIAANY S(OEIAIdWY * (OE) AdWY NOWWOD 
00%9c000 ( NVYIWT ) SAIAVIYVA Nivul IWNOLLvusdd 
00£€92000 AAW1L $099 TOZIAGIIdS *(9*TOZIAAISSO *éUdXIN NOWhG) 
00292000 ( LYULWT X GdX3W1 ) SITEVIYVA JONVwdOSYSd NIVYL £191 16x49 
00192000 (9SO9ZISLXWN $(9*O97)SLOVYU *SLOASN NOWWOD) 
00092000 Sit SdN *£(94092)SL0N9. £194097Z)ISI1S4 *S1 ING NOWwWOD 
00652000 ( Ludiwd X LYSIWT ) SATAVIXVA NOILISS AIVYL 
008S2000 YLEWAN *YOULN NOWKOD 
00262000 (9IYIWEIN “YDUIWN SAXON *dNOVOF *AdALYD *AMUHYID NGWWO9 
00962000 ( LUYIWT X dDUIWI >) GNV ( LuvtW1 ) S3ATIGVIUVA YSHILVGSIG 
006S2000 (9ILYNIWA *$(9)1Y9NTYO *LYSIN *LY1d09 NOWWOD 
00%S2C00 : ( LddtW1t ) SAIGVIeVA 41iNnddg 
00€Sz000 XAXVWN *XNLdO *xXfMW3d *°xIISs4 NGWnGd 
00¢¢2U000 SJWVIYVA LSNVHXS WKYOSLV 1d ySGNN 
001S2060 (EAM S(EIWEN SC EIWEN S(EDAYUdDHIN S(EVADSGIL *(EVADIVIL NGwwO9 
00062000 (EVIdSAL *(EWeAUS *(CEIWTAYS *(Ed2dS *(EITdS NUWhKOD 
00642000 (E€)ASdOIS *(EVARZYHS *4(E)IIVUU *(EIWESY SlEdWeaU SIC )wIdY NOWWO9 
00872000 (€)ANSISa S(E)VAWYSd NGWav) 
001472000 AYVIDN S(EVALAGN *AYVIN *ASOLOW *AGIdIW *AVIdGIW SAI NUWWOD 
OOYYZOOOAZYHT SAVGWVI “(E)OGSIWS SI(E)9VSIWS SLE)ADIGIA *(EIADIVIG NOwvlo 2 
00S%¢000 (CVATAIIA *(EIVADIG *$(E)ABISG *(EIAVIIG § (¥*E)AZLGI NOWwOD 
OO¥eZ000(E SE IAWUOD *(EIAZIGOD $1 EVAZLVOID *(9°E) IdWVOD *(4*EddWVvOd NOWWOD 
00€*%2000 (EVACHdHD SC EVATYdHD *(E€)AGASGD *C(E)VAOGANGD *(E)AV NOWnwO2 
0024%2000 CEVADIGUY S(EVADIVAV S(EIADIAGIV *(EVADIV *(EIVADIVIV NOWWOD 
00Tyz000 ( didiW1 ») S3SIGVIYVA 3dAL STDITH3A AVMENS 
00072000 TVIdAL NOWWOO 
006€2000 S3JIGVIUVA YdLSN1S INOZ 
o008s¢c000 SSINLI NOhWWOD 
OOLECO0O ClddtWd X SSTWI) JLNOU NIVYL AG LNIWDISANS JANI 
009€ c0U00 (OSZISSTHS *(O0SZ)SSTIVS *SSTHT *SS19V1 *8UuLOX3 NOQWWOD 
00Ss€2000 (SSIW1) S3SISVIYXVA LNIWOASUNS 3NII 
00%€2000 (OOEISSTIUA *(O0E)XWEML *(OOEINWuML * (OOE)SStML NOWWO9 
OOEEZONN (OOE)SSdWIiL SHOTEGV1 S(COEISSASSL *(OOE)XWEOL * (OOCINWHGL NGWWC9 
OOZEZONO (OOEISSUGL *LIGVL *(O0E)ISSEMLS *(OGEISSadLS *(O00E)SSNGLS NOwwO3 
OOTE 2000 (OOE)SSHULS *(O00E)VSSXMHS *(00E)SSUHS *(O00€E)SS1 IHS NOWnWUD 
000€ 2000 (OOEISSWNSO *(O0E)SSKXWSD *(O0E)SS1U5D *(00€)SSHYSD NOWWO9 
006¢ 2000 (OOEGHLXW *(OO0EIGGLxXW *(OOE)UHXW * (OOE)YUMLNW NOWnWG) 
008¢2z000 (OOE GOLNW * (O0€ DYHNW *4SSWAST *SSLTHT * (O08 )SSWIH NOWnWO9 
002¢2c000 (OOE)SSWSIH *(OOE)SSdWLH *(OOEISSNUIH * (O0E)SSWNSH NCwhwO) 
00922000 (O0€) XWIH *(OOE)NWYH *(00E)ISS30T4 *(00E)SSHU14 NCWWU) 
00S¢2000 (OOESS34 *(O0EISSES *(O0EISSSHWA * (OOE)ISSEHWA NOWWO J 
004%¢2000 (OOEISSAIWS * (OOE)SSBiW3 *(0CE)SS1Y3IG *(00€)SSHd3IG NOWnOD 
o00€22000 (SSW1)) (LNAWDSSENS LAIVHS LNSA GNV 3NIT) SATQV1TYuVA LN3AWISSENS 
00¢¢c2000 : (O9)SAXWOA *(O9)SSATUA NOWWO) 
o00T2z2000 SAdAL *9190V1i *STEGVE *(O9ISSAYNS *1O9)SANVILS *109)SAINU NOWWO) 
00022000 (O9)SASY SSAWNN *109)SAdSdxXW * (O9)SAdSNW * (6409 DSAWVNIN NuwWat) 
006T2000 SSAT *SAT *SAdALA *SANOLS *SAKAOLS * (O9SANWGS NOWhOD 


oO Ob YL 


8LT0 
Ze10 


9ET0 
SETO 
47€10 
£e10 
ecto 
TE 10 


O£10 


6210 
8c10 


i210 
9c10 


s2lo 
9210 


€210 
ZZ10 
1210 
OZ1G 
6110 
8110 
L110 
9110 
S110 
+110 


oan Ce) 
eto 
TTT0 


oh @ Te) 
6010 
BOTC 
2010 
9010 
solo 
4010 
£010 
~010 
TOTO 
ooto 


66CO 
8600 
1600 
9600 


NS1 
NS] 


wSl 
ST 
NS1 
NS1 
NS] 
NSI 


NSI 


NS]1 
NS1 


NS1I 
NS1 


NS I 
NSI 


NSI 
NS1 
NST 
WS] 
NS1 
NSI 
NSI 
NSI 
NSI 
WS] 


NSTI 
NS] 
NS] 


NSI 
NS] 
NS 1 
NSI 
NS] 
NSI 
NSI 
NSI 
NSI 
NSTI 
NS] 


NSI 
NSIT 
NS] 
NS1 


C= 677 


900 39Vd 


008cL000 
001ce000 


009cf£00048 


00S62c000 
00¥%2e000 
O00E2L£000 
00¢z£000 
O0T¢2cO00 
000¢£000 
O0061€000 
0081T£000 
ooLTEO00 
009TeCOO00 
OOSTLO000 
00412000 
ooeTteO00 
oo0cTEC00 
OO1TEOOO 
oooTtco0o 
0060£000 
OO080tcU00 
00LG£000 
0090000 
00S0t000 
00¥0£000 
00E0c000 
00¢c0£000 


OO TOL OOO im ok ORO RO Ig hog gtok a ttt i do gag tok ke to 


0000c000 
00662000 
0086c000 
00262000 


009620 OO %% 4k te ROR ROR ok go eK 


00662000 
00%62000 
00¢£62600 
0026c¢000 
00162000 
00062000 
00682000 
0088 2000 


OOLB CO OO vem 2 ek a aa gag ORO agg ge a oi ake 


00982000 
o00se8c000 
00%62000 
O08 2000 
00282060 
oo0tTs2000 
000% 2000 
00612000 
00822000 
001212000 
00922000 
00S2 2000 
00%712000 


(euNGH HSNd ONINYOGW SIT GOlY3d NOISAO JHLe *S4¥L4OHT) LVWaO4 OF 

(«6 dH/NLT 
*(-)S5SSO1 YO (+)SNIVIO LVSH INSKOSISENS GIYVVYSAV. SO4L4OHT) 2VWUGS OF 
(sSHLVWILSS GVOT W3ILSAS TOULNOI TIWILNSWNOYIANS +) *94L*SOHT) LVWuO4 OZ 
Camm S XGT TS ADV eS XOS HVETI XL aSISa X2TPIVGS‘ THI) LVwuJd4 OT 

(O€GSSZLI *(CEVLISZTI *(0€)50G0NZ7I Yys93iNI 

(OE ISM ISH *(OEI Td ISH *(9SSTIWTISTIXMLO § (99S 1W1)S IKHLG 1734 

(93S 1WN1TISTXGIG *(INISSWTIOILVYH S(NISSWT)YIVE Ww3d 


CCT) 2WULGS (TSTIWYLG) JINS IWAINGS 


TH levi *(O2TIWANSLH I 
“(OZTIEIIUGA *(0Z71)23INOS S(OZTSOZIIWdLG = /YVHSSH/ NOWWOY 
(WuUGAWT * WYOSWT1) sO 
(WoHO3SW1) = XTYLVW ASNOdS3IY CALIOIWNH GNV) WwdasHl JIWVNAG 
(O¥Z)IZ2XWSL SCOF7ICNWSL *(OFHINVIWSL *(054%)XVWSL $(0%4)S IW4AS1 T 
“(O¥¥IS W4SL S(O%4)SSHWOH *(054)SSAWNH /UVHSSH/ NOWWOD 
(GNHIW7 + SSWT) S31IDVIYVA JGON JIWVNAGOWYSHL SNId LNIWOISENS 


(OOLISSIVWL $O9TE8VL S(O0EISSTINDH /UVHSSH/ NOWWUD 
(SSW) (LNIJWOSSGNS LAVHS LN3A GNV JNI1) S3TUVIXDVA INSK9SSUNS 
(O9)ASSL /UYVHSSH/ NGWnWOD 
(SSSAW1) SAIWVISVA LIVHS NOILVITINIA 
(O6)S1VVL /UYVHSSH/ NOWn0D 
(93S W171) S3AIWVIYVA LN3W9SS JNI1 
: cvIGVi = /aVHSSH/ NOWWOO 
(ONHIW1) JIBVIYVA JGON JIWVNAGOWYSHL 


NOwwO) 


( WeO3NT * WYOIWI) 


(00%%1)cWuLd Wau 
XITYIVW JSNOdS3Y¥ TWWWYudHL JIWVNAG 


SATGVIYVA IWw3u 


(O21) To 18VL Y3ANZINI 


(WHOdSW1) S3ATEVIYVA XITYLVW 3SSNOdS3a WWYSHL JIWVNAG 
(O0€)0% TdVL vIOAINI 

(SSW1)) (LNIWOSSENS LIVHS IN3SA GNV 3JN14) S3ATEVIYVA LNIWISSENS 
(O¥TI2y 1EV4h YdOSINI 


(GNHIW?) S3IBVIYVA 3JUON JINVNAQOWYSHL 


SA1GVIYVA Y39SINI 


SHYHSO AGNIINI 


((E)SSON *(2)SGN *¢T)ON) JINITWAINGS 
YDYdN “WNSHD *dBAVUYD Sud NII NOWWO) 
( dDYdWT ) SATBVIUYVA dNOsD INI ud 
LHMLVd NOWWO) 
SJILSTeaLIVUYVHD NOULVd 
(OTIINIOID *COTIIANILAT SINSST 4COTITASTIH *(0T)1NITIH NOwWWwOd 
( TAW1-) = S3TEVIYVA GVO 1V3H AGVILSNN 
(vd LIAWIL NOwWWO) 


3 


s) 


a) 
) 


SOK Ra gk goioka dok ag gogo gak tok gogo 


se) 


a) 
ws) 


Be nO ao doko do tok ag gogo aD 


) 


2, 


s) 


2 
2) 


2S IO Ofoi g aog tok i kodak ik gobo gata D 


1910 
CYTO 
6ST0 
8STO 
23510 
9S10 
SSTO 


7STO 


€S10 


2S10 
TSlo 
Oslo 
610 


84710 


i910 


94710 
S¥T0O 


4410 


€¥TO 
e710 
T¥T0 
O¥vTO 


6eT0 


NSI 
NSI 
NSI 
wSd 
NS 1 
NS 1 
NS1 


NS] 


NS] 


NST 
NS] 
NSI 
NS] 


NSI 


NS] 


NSI 
NS] 


NSI 


NSI 
NS] 
NSI 
NS1 


NSI 


C-68 


400 39Vd 


)——> 001s€000 


)— 001+€000 
)——> 000+£000 


O0eB8EO0O O=8TAnfiN 
o0o0z24e 000 O=L1TAWIN 
O0oT&<000 O=STAWIIN 
O008 E000 O=GS LAWN 
0062£000 O=4TAWNN 
0082t000 O=C LAWNN 
0022£000 O=2TAWNN 
009z2¢£000 O=1LTAKNN OSZ2 


OOSLE€000 G3ILNIYd ONV OQIINdWOD 3G WIIM LVHL SIVLOL JNOZ OU3Z OL AZIIWILINI «%4%4%%9 


00%72£000 (09%1M0) ALLTYM O¥2 
O0ELEOOO OSe O1 O9 
00¢L£000 (0S°1/i0) JLtumM O€2 
OOTLE00O OS2 Ul O9 
0001£000 (O¥* INU) JLTEM O22 
0069£000 u3dS3d (04240724022) Gi Ud 
0089¢000 YSHIO YO ININSAZ SONINYOW - GOI Y3d NOISIO JL] oMenxeed 
00L9€000 (O€* LO) JLIYM 
0099€000 (O2*iNnO) 3Lium 
00S9€000 W3LSAS*31VG (OT*INO) JLT YM 
00%9£000 ; O=1NIddl OZ 
00€9€000 SONIGQV3H 39Vd ALTIUM - 3NOZ G3AIIOYINOD, VW SI JNOZe%4%%¥d 
0029€000 OVOTLOTZSO¥OT (I-(LST9IT)19dAL) JI 
O0oT9£000 d0071 30 GN3 O1 O9 LON SI - 3NOZ G3710NLNOD V Si ANOZ JI AISHI ee xa aD 
0009£000 LSVIIN* T=1S 191 OFOT Od 
006S€000 a) 
008Se000 AINO S3NOZ GIIWOYLNOD HIVA4%%4%9 
00LSE000 YOS SIVLO1 ONIINT Yd GNV SNTINdWOD WSLSAS NI SANOZ VIV d3A0 d0O1K%e%%)d 
009S¢£000 a] 
00SSc000 (sANITLNOYNNS ALVWIT 


007Sf0001S3 OSNINOILIGNOD YIV NI G31V3N9 NOTAVALIS JIGISSOdWI »*OHT) LVWutd 002 
OOESECOC(ZTISLOTAS2TISG6L TTI oS it eves sxc Cl Tol sels terse sets HIT) Lvwudd OBT 


002S€000 CZTISLOTLIE2TIS SOLS TT eel els tz, iEer *2tis HI) 1tvws0dd OLI 
(L°9T92%*XS4914 4s edWNG JDINOSs ‘OHTA VWoU4 O9T 
000GE000 (7° eNIV9OeS TOTL® sNIVI8 S681 SONY 


00647EO000s 424718 sONe SZEL* ONa S C214 ONe ETL S/S So TWLOLs SETTUL So INFLV Ve SOOTIS eA WE 
OOBYEOOOISNAS s $ZBL* eAWYN INIW95S 6S O9L* eLNIW9IS s SOLS aNOILIIS s SOELS »IGONs S12 
OOLYEOOOZ1 Ss SIDINGS eS TT Lt //% eUH/NIG *(-ISASSOV ONV (+)SNIVO LVSH JATLISANOIT 
00972000 JNOZ OSNVYSAV 1S 9IELS//* aNMOGHVSUY GVOV JSATLISANOIDS I1SL‘OHT) LVWeUs OST 


00S6%7€000 (TULDSOTIG* TT12*61%% 5 WiOl ANOZe*EL* HT) LVWu0s OT 
00%7£000 JO RSS S= = T 
OOEYEOO0ss (es 29 ------- 0)9*S914 ------- 064G1*(_.  ------- o)4°9TLS HT) LVWuOd OET 
CO2¥E000 CTTTSOTIGS UTI 2S 614s ets or eS ETS o— eS ETSOHT) LVWHUG OI 
(L°VTOS*XETS oe INSAV De SXTS S/S L°9T9GSXTTS s3STGISNISe SOHT DL VWtOS ot! 
(L°7T9O9S9OL* sNNOGHVAYY 14S. OHI) VWo04 ool 
OO06EE000 (/*eTWWiOle S9Z2TL8 0s INSLVI JTIGISNAS eV ESHILS se AFIGISNIASs SEGi aT 


OOBEEOOOINILV 1s S741 § sFIGISNISs SHEL oANSLV Ie S9ZL Se SIGISNIS s ‘9TLSOHT) LVWuls 06 
OOLEEOOO( sINIWIDINOAds PETTLS /* se TOXINUD TVINSWNOMIAND s ‘8OTL Ss WWYiNUD IVINSWe 
OODEEOOCNOYMIANS s SEBL* sMOTS YIVe 6914 ANTS LVFHs SESLS eFLVIS-AGVIIS es *9ELS ASNT 
OOSEEOOOIVYL es STZ1* sONINOT ATL UVde $218 7/8 a TWVAOL eS OTTLS eWILSASe *SISOHT) LVWUGs 08 


00%€£000 (.---------------- wu INnd7z 
OOEEEOOO 413M 3 930 o*T°94*,----- BING ABO J 990 2*T°944—a----- NOTLIGNODe1 
OOZEE000*s NOISSQ ----- .‘€14e¥3GWNN 3NDZ ---------------- »CHT) AVwdud OL 
OOTEE00O (a8NOH HSNul 


OOOLE00O ININSAZ YON ONINYOW BAHLIAN SI GOIYad NOISSO SHLe*BEL‘SOHT) LVWy0d 09 
0062£000 (sYNOH HSNY ONINZAZ SI GOld3d NOIS3G 3HLs *B4LSOHT) LVWYOS OS 


9610 
S610 
4610 
£610 
2610 
1610 
0610 
6810 


8810 
2610 
9810 
Seto 
5810 
€810 


e810 
1810 
O8lo 
6L10 


8L10 


2L10 


9110 
sito 
4110 
€LTo 


eL10 
IL10 


OLTO 
6910 
8910 
2910 


9910 


s9TO 


“9T0 


€9TO 
2910 


NSI 
NS$1 
NS I 
NS] 
NS] 
NS I 
NS] 
NS 1 


NSI 
NS I 
NS 1 
NS I 
NSIT 
NS] 


NS] 
NS] 
NSI 
NSI 


NSI 


NSI 


NSI 
NSI 
NSI 
NS] 


NSI 
NSI 


NS] 
NSI 
NS1I 
NSI 


NSI 


NS] 


NS1 


NS] 
NS] 


C=69 


VI. Revision No. 6 


November 18, 1976 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 6 TO VERSION 2 


Problem 


A superannuated title appeared in the output. 


Symptoms 

The development of the SES computer program was sponsored by 
the Transit Development Corporation through a grant from UMTA and contri- 
butions made by the various operating properties. It is now being 
sponsored by the Department of Transportation/Transportation Systems 


Center. The program titling did not indicate this new sponsorship. 


Correction 
See the attached partial listing of Subroutine INPUT. The six 


lines to be corrected are indicated by a "C." 


Effect on Previous Results 
This problem did not affect the calculation or output of any 


other items. 
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Vit. Revision No... 7/ 
November 18, 1976 
SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 7 TO VERSION 2 


Problem 
Program response following the diagnosis of a fatal error in an 


input data set was occasionally wrong. 


Symptoms 

Following the diagnosis of a fatal error in an input data deck, 
the program searches for either a blank card (program termination) or 
a card with two slashes in card columns 71 through 78 (beginning of 
a new data set). This process occaSionally ended with the program 
mistakenly determining that a non-blank card had two slashes in card 
columns 71 through 78. The resulting program output would then show 
the beginning of the input verification of a non-existent data deck 


followed by more fatal errors, etc. 


Correction 
See the attached partial listing of the Mainline Program DSES. 


The four lines to be corrected are indicated by a "C." 


Effect on Previous Results 
This problem did not affect the calculation or output of any 
items. Future input verifications terminated by a fatal error will 


tend to be less voluminous. 
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C-84 


VIII. Revision No. 8 


January 21, 1977 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 8 TO VERSION 2 


Problem 

The air pressure change in a line segment, which contributes to 
both the airflows and the train drag, was sometimes being computed incorrectly. 
The error occurred in line segments that were in line sections having more 
than one line segment. It did not occur in the last line segment of a line 
section. The error only could occur for a line segment if its line section 
had trains in it. For these possibilities the error consisted of the pre- 
vious value for the change in air pressure over the end of a train being 


added at the end of a line segment when a zero value should have been added. 


Symptoms 
The airflows computed by the first step of the aerodynamic subprogram, 
which is at simulation time 0.0 seconds, were very large: about 1025 CFM. 
This caused a program halt during the second step of the program, which 
for the problem under consideration, occurrred at simulation time 0.1 seconds. 
This failure occurred because the "previous value" mentioned above had 
an extremely large value at 0.0 seconds since it had not yet been set to 
a value by the program. Most input data files had caused the program to 
set the value before attempting to use it, thus eliminating the symptom 


but not tne problem. 


Correction 


See the attached partial listings of Subroutines INPUT and OMEGA2. 


Changed lines are indicated by a "C." 


G=65 


Effect on Previous Results 
This problem is system dependent. It is recommended that the user 
check the impact on his previous results by rerunning one or more data 


sets whose aerodynamic parameters are typical for his system. 
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TX. Revision No. 9 


April 14, 1977 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 9 TO VERSION 2 
Problem 


A precision problem occurred in Subroutine TRAIN. 


Symptoms 


The train performance subprogram subroutines TRAIN and LOCATE 
monitor and control the passage of a subway train through the system. 
For the rare circumstance described herein, the train performance subroutines 
could not properly monitor the location of a train and therefore could not 
control it. The data set that uncovered the problem had a train initialized 
at a system location where trains stopped. This initialization data was 
input in accordance with Input Form 10. After the remaining dwell time was 
exhausted, the train was dispatched. The train should have had an initial 
acceleration of 3 mph/sec, reached a constant speed of 55 mph and braked 
for the next stop along the route. Instead, the train accelerated at 
2 mph/sec until it exited the system at over 100 mph. The direct cause 
of this was that the distance the train was to move during the first 
time increment after the train was dispatched was 1/4,000,000th of the 
location of the train along the route. It is beyond the single precision 
capability of IBM 370 computers to properly add or subtract numbers of this 
range in magnitude, the result being that the number of larger magnitude 
is taken as the answer. Therefore, the train performance subprogram 
could not determine that the train had moved beyond the stopping location 
and attempted to make the train brake for it. It was then in the compu- 
tational sequence that the second problem occurred. The train was assigned 
an acceleration of 2 mph/sec instead of a deceleration of 2 mph/sec with 
the indicators set by Subroutine TRAIN stating the train was braking. 


Correction 


See attached partial listings of Subroutines INPUT, LOCATE, and 
TRAIN. The four lines to be corrected are indicated by a "C." The change 
in Subroutine INPUT updated the program output to state "Version 2.09." 
The change in Subroutine LOCATE eliminated the precision problem. The 
changes in Subroutine TRAIN eliminated the possibility of the train 
deceleration being given the wrong sign. 


Effect on Previous Results 


The nature of this problem was such that the train performance 
subprogram either monitored an initialized train properly or permitted 
a train to constantly accelerate until it exited the system. The 
occurrence of this problem may be readily noted by observing the train 
operations. This problem required a very rare combination of circumstances. 


Caters 


It could only occur if the time at which the train was dispatched was 

an integer multiple of the complete train evaluation time. Furthermore, 

it required that the distance the train was to move during the first time 
increment after the train was dispatched was 1/4,000,000th of the location 

of the train along the route. This problem could not occur on UNIVAC or 

CDC computers unless this distance ratio was much smaller, perhaps 1/25,000,000th, 
because of the greater precision at which they operate. 
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X. Revision No. 10 


August 12, 1977 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 10 TO VERSION 2 


Problem 


An incorrect upper limit was used for checking the Front of Train 
Drag Coefficient on Input Form 9B. 


Symptoms 

The allowable range of the Front of Train Drag Coefficient on Input 
Form 9B should be from 0.0 to 1.5. An upper limit of 1.0 was being incor- 
rectly used. This caused an Error Type 115 message to be incorrectly 
printed for values ranging from 1.0 to 1.5. 
Correction 

See the attached partial listing of subroutine GARAGE. The line to 
be corrected is indicated by a "C." 
Effect on Previous Results 


None. 
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Xie “Revisvon: No.l 


August 12, 1977 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 11 TO VERSION 2 


Problem 

Two problems existed in the routine which processes the Train Route 
Description input data. 
Symptoms 

Input data processing was not being terminated immediately after 
printing Error Type 65 (a fatal error) for the First Train Type on Input 
Form 8A. 

The offending section number was not being printed when Error Type 
124, 153 or 180 was detected on Input Form 8F. 
Correction 

See the attached partial listing of subroutine TRINS. The five lines 
that are to be inserted are indicated by the letter "I." The six lines 
that are to be changed are indicated by the letter "C." 


Effect on Previous Results 


None. 
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C5126 


Mitch hRevLSlon NO. Lc 


August 12, 1977 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 12 TO VERSION 2 


Problem 


Under certain circumstances the rear-of-train component of the aerodynamic 
drag on a train was being computed incorrectly. 


Symptoms 


The rear-of-train component of the train aerodynamic drag was being 
computed incorrectly when a tunnel system was being simulated and the rear 
of the train was outside the tunnel system. This component of the train 
drag was computed correctly when the rear of the train was inside the 
tunnel system or when a tunnel system was not being simulated. 


Correction 


See the attached partial listing of subroutine LOCATE. The one line 
to be corrected is indicated by the letter "C." 


Effect on Previous Results 


This correction has no effect on the airflow or temperature results 
for a tunnel system since the component of air drag is computed incorrectly only 
when the rear of the train is located outside the tunnel system. The rear-of- 
train component contributes only a small part of the total aerodynamic drag on 
a train. This correction may have a small effect on the train speed and location 
when a train is running outside the tunnel system; however, the effect of this 
revision is insignificant. 
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Minh. sReEVLSLOnN No. 13 


August 12, 1977 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 13 TO VERSION 2 


Problem 


Fans were not active during the first cycle of simulation (time = 0.0 
seconds) when the Simulation Time After Which Fan Switches On on Input Form 
5C is entered as 0. 


Symptoms 


When a system containing fans is initialized at the steady-state airflow 
rates with fans operating from time zero and zero run-up time, the airflows 
are observed to decay for the first aerodynamic cycle. The fans became 
active during the second cycle, sometimes producing a large acceleration 
in the airflows. As a result of these airflow perturbations, it was sometimes 
necessary to use a smaller aerodynamic time increment for the entire simulation 
than would otherwise be necessary. 


Correction 

See the attached partial listing of subroutine VSINS. The three 
corected lines of code are indicated by the letter "C." The two lines of 
code which were inserted are indicated by the letter "I." 
Effect on Previous Results 

This revision may produce slightly different airflow values during 


the first few seconds of a simulation in which fans that become active at 
time zero are used. The remainder of the simulation results are not affected. 
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Casa 


XIV. ‘Revision No. 14 
August 12, 


SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM 


REVISION NO. 14 TO VERSION 2 


Problem 


The severity of the error types was revised. 


Symptoms 


The following error type was changed from a fatal error (which 
terminates all processing) to a non-fatal error: 


Error Type 159 
The deep sink temperature 


is less than O or greater 
than 100 deg F. 


The following error type was changed from a non-fatal error to a 
fatal error: 
Error Type 124 
This section has not 


been defined. 


The SES version number is revised to "Version 2.14." 


Correction 


See the attached partial listing of subroutine ERROR. Tne two lines 
of code to be changed are indicated by the letter "Cc." 


See the attached partial listing of subroutine INPUT. The one line 
of code to be changed is indicated by the letter "C." 


Effect on Previous Results 


None. 


C=132 


LOT 7. 


810 49Vad 


O09GLSO6 
00552600 
CO’SLSUL 
OLULGL S00 
002524500 
O0U1S62S006 
000G25600 
006415600 
OUBYLSUO 
00LY¥L5600 
CO9YLGS OL 
G06%LS00 
OO841G600 
O0e*LGUU 
00242500 
OOTYLS0U0 
000%LS06 
O06ELSO00 
OOSTLSOL 
O9LELSUC 
OO9ELSOUG 
O9StLSOC 
OOVELGSOC 
OO€LLGUG 
OUdELSOC 
OOTLL24600 
Ocodt2S0G 
OCG2L4UC 
OURCLSOC 
OOL22L4006 
O009Z2ZLS00 
00622S0C 
00¥22S0C6 
OOt¢LSU0 
O022LS0C 
001¢22S06 
000¢cLS00 
OO61LS0U 
003TZSOC 
OOL1z2S00 
00911500 
00612506 
00%1L600 
OO0cCT1LS00 
OuzILSve 
OOTILSOL 
OCGILSOO 
00602500 
OovOLSoG 
00L0L4006 
0O09ULGO0U 
00S60246CO 
00%0L4500 
O0tCOLG600 
00201600 


YOUH 4 ANILNOYENS 


194SW) 


006 UL UD 
(OL9 INO) dL bom 
00S Ob UY 
(629° aNnUd sbi aM 
00S ul UY 
(829° INU) SLL dM 
654 O1 09 
(229% ANG) DAT oa 
664% UL OY 
(929% 1NU) ALD UM 
00S Ul O09 
(529° inO) Albus 
66% Ol UY 
(429* INU) sLTUM 
664 Ul LY 
(E29* ANU) ALUM 
00S O1 U9 
(229 * ANI ILEUM 
00S Al U9 
(12945iNVD) SLT UM 
00S Gi JI 
(029°1NO) 4400M 
00S Us GY 
(639°INDI ALM 
OOS Ul UD 
(BIOS INDO SLIM 
COS O41 O9 
(ZI92INTDIALIUM 
00S O1 O9 
(919°INO) ALT UM 
00S ul U9 


(ST9*4NO) aaE UM 


00S O41 UI 
(5T3*1NU) SLT SM 
66% Ul UY 
(€19°41NO) ad UM 
OuS U1 O%) 
(217*INVUIALITGM 
00S OL AY 
(119% INU) ALT OM 
COS ul UD 
(0194 1NO)4hius 
OOS Ut 09 
(609? ihUdaLiunm 
90S U4 U9 
(809° INU) JLT UM 
00S UL UY 
(209° IANGIALT aM 
00S M1 09 
(909° 1NODALDUM 
00S Gl UD 
(909% 1NQ) 4ilTam 
00S Ob OO 
(409% INU) ALUM 
00S Ul WD 


Sol 


“Ul 


8290 
1290 
9290 
G5 290 
% 290 
£290 
€290 
1290 
0290 
6190 
8190 
1190 
9190 
S190 
7190 
£190 
c1yv0 
1190 
0190 
6090 
6090 
2090 
9090 
4090 
5090 
£090 
c090 
1090 
0090 
66S0 
8650 
16490 
96S0 
S6S0 
¥650 
£6S0 
c6S0 
16S0 
0650 
68S0 
a8sS0 
18460 
96S0 
SSO 
5860 
€8s0 
c8S0 
T8S0 
0&S0 
61460 
82S0 
i1s60 
91460 
SLG6O0 
5150 


NSI 
NSI 
NS 1 
NS J 
NSI 
NS] 
NS I 
NS] 
NSI 
NSI 
NST 
NSI 
NSI 
NSI 
NSI 
NS] 
NSI 
WSJ 
NSI 
NSI 
NSI 
NSI 
NSI 
NSI 
NS} 
NSI 
NSI 
NSI 
NSI 
NSI 
NS J 
NS1 
NSI 
NSI 
NSI 
NSI 
NS] 
NSI 
NSI 
NSI 
NSI 
NSI 
NSI 
NSI 
NSTI 
NS1 
NSI 
NS] 
NSI 
NSI 
NS] 
NSI 
NS] 
NSI 
NSI 


C533 


610 49Vd 


OC TT &sot 
GOUTLSSH( 
ULEUB SLU 
OOvbOuUSUC 
CulbdsO00 
009049G 06 
OOGSOBSO6E 
O0¥LU6SUU 
00 £00 G00 
002084500 
OO TU8SGO 
OCCOvSUO 
OL66LSO0 
COb6LGSO0U0 
0U264500 
O0096LS00 
O6S6LSOb 
007LLG 00 
VOL6LSOO 
00262400 
00162660 
COCELSOC 
OCO6bL5U0 
OObSELSOL 
OO282406 
GO9BLGUO 
004681500 
OOvEULSOC 
vOtLL4SO6 
00201500 
OO1T8LSO0C 
OUCBLSOT 
VO6LLSLO 
00822560 
OOLLLSOO 
00911600 
OUGLLS0U 
OO0YLLG600 
OOELLSVO 
00222500 
00 122500 
OO00LLSOU 
006924600 
O989LSCO 
00291560 
0099LG00 
095924500 
00%92GSUU 
O0cgLGO0 
092924500 
OUTYLSOG 
000924500 
006625600 
008GLS00 
00262S00 


XUONWI 


XLISWT 


NVaulwW 


divin 


Luulwt 


dlivial 


WW 


(uS9*iMudaitan 
664 UL U9 
(269% iNUbdLtoM 
664 Vi Ud 
(9S59* iNuU)ALTaM 
OOS (ih UD 
(S69*4NO) 4ab uM 
664 Ul UD 
(oS9*4NO)4ALTUM 
664 Ul UY 
(ESS9* ING sD UM 
664 Ul U9 
(269% 1NU) ddd 
00S OL UD 
(159% INGIALT GM 
664 OL OD 
(0469°iNO) ALbum 
OOS Ul UD 
(659% iINDIIALILUM 
00S U4 UY 
(BY9S INUIT UA 
00S Ul UY 
(259% INnUd sada 
00S OL O09 
(949 INO) ALTah 
00S vil U9 
(S¥9*ANO) FLEE UM 
00S U1 U9 
(949* INDI SALUM 
00S Ui UY 
(€96951NU) SE EUM 
00S Ul U9 
(2459S 1NGIALTUM 
b64 O11 09 
CTo9*anodalldam 
00s O14 09 
(O¥9* ANG) ILI GM 
06S Ul UY 
(609°ANOIS4DUM 
00S O1 09 
(HESS ANGI JLbun 
664 Ul UY 
(LO9% iNudSdDUN 
664 O41 U9 
(JESS ANU) FLT UM 
665 Ul UY 
(SE9*INUIILI GM 
664% UL UD 
(oeo9* INO ALD AA 
66% Ub OY 
(CESS ANUIALTUM 
669 O41 O09 
(2€9*INUIIS4 DUM 
66% UL OY 
(1TE9* ANUIALID GM 


{v90 
cb90 
1b90 
OHYO 
éL190 
ul9O 
1190 
9190 
GSL90 
5190 
£190 
cl90 
1290 
0190 
6990 
8990 
1990 
9990 
6990 
¥990 
£990 
2990 
1990 
0990 
6590 
Bv4s90 
1590 
9690 
Ss90 
4S90 
£590 
2590 
1S96 
04590 
6490 
490 
2490 
9890 
S490 
¥b490 
£490 
2490 
1490 
090 
6£90 
Ge90 
1€90 
9£90 
St90 
¥€90 
£€90 
c£90 
1€90 
0€90 
6290 


NSI 
NS 1 
NSI 
NSTI 
NSIT 
NS] 
NSI 
NS] 
NSI 
NS] 
NSI 
NS1 
NS] 
NS] 
WS] 
NSI 
NSI 
NS J 
NSJ 
NSI 
NSIT 
NSI 
NS} 
NSI 
NS] 
NSI 
NSI 
NSt 
NSJ 
NS} 
NSI 
NS] 
NST 
NSI 
NS] 
NSI 
NST 
NS] 
NSI 
NS] 
NS] 
NS I 
NSJ 
NS I 
NS] 
NS] 
NSI 
NSI 
NSJ 
NS] 
NSI 
NSJ 
NS 1 
NSI 
NSI 


C-134 


VED A9VG 


00990500 
00GS98SOC 
O00e9HS00 
ooLoHSsSOC 
O0O2Z89KSGO0O 
OCOTRBSUC 
00098500 
006468500 
COYVSHSOO 
49168500 
0V9S68S00 
00GSS8SCO 
O0YSBSO0 
O0tSKSOO 
00268S60C 
001S8S00 
0cogssso0 
O0O0648G00 
00849500 
001%9S00 
OC9OYRSOC 
COS*7LSOG 
00448S00 
00L*8S500 
0U2»e8s00 
OOTYB8SUC 
000+%8sS00 
006t8S00 
OOBERSOG 
002C8S00 
O09L BSGO0O0 
OOSERGO0 
NOt RGOU 
0OLE8GOG 
VOcLYSUU 
OOTLBSOC 
OOVEBSUC 
OC6¢28GUC 
OOBZRGOL 
Ooolevsouod 
0092 8S0G 
COG ceSOC 
00%28S0U0 
VDECHSOC 
OO¢22HSO00 
OOTZESOE 
0002 8S00 
OG6TRSOL 
OORTESCO 
OU TESCO 
009TBSOC 
O0SGTESCCE 
OL4YTESOE 
VOETHSCGE 
ONT HSGOC 


ONHIW I 


00S O1 U9 
(S89 SIND) ALT UM 
00S U1 U9 
(989° INO) ILD UM 
664 OL U9 
(€H89* INDI ALTIUM 
664 UL O9 
(Zao * anu ALiumn 
664 Ul O9 
(189° INOVALI UM 
66% Ul U9 
(089° INDIIITUM 
664 OL O09 
(629° INO) FL1TUN 
00S UL U9 
(829° INOIALTUM 
00S Ut OU 
(229° INOPALE UM 
00S UL UY 
(929° IND) ALE uM 
00S OL O09 
(SL9*INVUIALT UN 
00S O18 09 
(419° INUISLIUN 
00S Ul UI 
(EL9* INDIA 
664 Ul U9 
(229° iANODILLUM 
00S U1 U9 
(TL9°INVIDLTUM 
00S UL OD 
(OL9*INUIALIUN 
00s O01 09 
(699 ANOVILIUM 
664 UL O9 
(899° INOISLTUM 
00S Ul U9 
(299° iNDIALTUM 
00S UL UY 
(999"4NOPILT UM 
0uS UL O09 
(699 *1NU)ILTUM 
00S O1 U9 
(599° INO) FAL aM 
00S Ul U9 
(E99 INVUIASLIUM 
COS UL U9 
(299 INODDALTUM 
665 Ul UD 
(199° INDI ILTAM 
664 UL U9 
(099*1NO)ILTUM 
00s O41 09 
(66941NOPSLLUM 
b6% Ul UD 


wv 


G1 
“Ol 
£81 
eel 
181 
On | 
6LT 
Bll 
| 
9LI 
SLI 
oLI 
CLI 
ell 
TLI 
OL1 
691 
Rol 
L91 
991 
S91 
591 
£9 
raed | 
191 
O91 


6S1 


8 E€L0 
1tLloO 
9810 
Gtlo 
4tLO 
£e€lO 
ctlo 
1tL0 
otlo 
6¢cL0 
8210 
1cLo 
92L0 
S210 
"¢c10 
£cL0 
ccLlo 
12L0 
OcLO 
o1LO 
ATLO 
Z1L0 
9I1LO 
STLO 
%1L0 
Ello 
elo 
11L0 
O1LO 
60L0 
ROLO 
40210 
90L0 
Solo 
4020 
€0L0 
colo 
1020 
0O0L0 
6690 
#690 
4690 
9690 
S690 
690 
£690 
€690 
1690 
0690 
6890 
8890 
2890 
9890 
S890 
“890 


NSI 
NSI 
NSI 
NSJ 
NSI 
NS] 
NS I 
NSJ 
NSI 
NSJ 
NS i 
NS] 
NSJ 
NSI 
NSI 
NS] 
NSI 
NS] 
NSI 
NS1 
NS] 
NS] 
NSI 
NSIT 
NSI 
NSI 
NSI 
NSJ 
NSI 
NSI 
NSJ 
NSI 
NSI 
NS1 
NSI 
NS} 
NSI 
NSI 
NSI 
NS] 
NSI 
NSI 
NSI 
NSI 
NSI 
NS} 
NS] 
NS1 
NS] 
NS] 
NSI 
NS] 
NS] 
NS] 
NSI 


Cais 5 


9:9 


JUV 


3) —_——> 


OCTZIOTL (oNIDIVNIWdIEL NOPLVWNAIS es OGL OHI) LVWYO4 


0002 90TO (eo SSITONINVGWe SOG6LS*HTD AVWHOd 
VO6T9OTO (SGI*ORLS sNObAdd ONE VIIWONIM/ONIddDLS NV4eSOELSOHTD AVWUOS 
OCCTIOTO (GE4O8 de S4NOZ WIUINGD IWLNGWNOYFANS JU ddbANNe SCELSOHT) 2VWuOd 
COLT9YOTE (GISOB 1 eSAdAL NEIVUL JO YIVANNS SOELSOHT)D LVWKUUS 
OC9T90TO (oFT WuOse SEVTI GEOR d oe SIINNY NIVYUL 4D JIHANN SOELSOHT) LVWuOd 
0OS1Y0TO (SE4OBL  eS4dAh NVI JO YIUANNe SCELSOHT) LVWUO4 
oOcyiy90Tl (S108) eS3IUNUS LV3H AGVSISND 4D YIUANNG SOELOHTD AVWuOS 
OOETIOTO (SES OOL se STIVELNUd 49D YIHANNs SOE LSOHTD LVWHOS 
OOZTIOTO (GEOR oSNOTAINAL GQIHINVYD 3D YIVANNG POR LSOHT) LVWHOS 
OOTTYOIC (SE*OH8L*Ss SIUON 3D YIUANNe SOELSOHTD LVHUOA 
OCOT9I0TC (GT4OHLS es SNOLIDSS LIVHS NOTIVIEINSA 40 UIUWNNe SOE LSOHTD LVWun4 
CO6CYOTO (S14O8L* oe SNOULIAS JO AIGANN WLOle 4OEL OHI) AVWUOS 
OOBCIOTO (ol wulte*EUEL*SE* OBES aSANINIDIS JNIV 49 YIAN ING SOELSOHT/S) LVWHOS 
OCLOIOTO (ol 
VODOIOTONDTAV INWES ONe {O62 SST OB LS eSdDUHFD INdNE JTHVMOT IVs SOE LSOHT) LVWHOA 
ocsesolo (GT4OHd eo SHYIUYI LADNET JIGVMITIYs SOE LSOHTD AVWYOS 
O0O4%C9OTO (STE CHL* se SuQuud NOFLVINWIS JSTAVMOTIVs OELSOHTD LVWUOd 
ocecocta ISTP ORL? oNIEAdD LADING ABVINSGWITdINS e SOELSOHT) BVWUOS 
OOZO9OTOLsSIAs SOHL SI OHRS sNODEdO AUNDUd AUVWWNS ANIS AVSHe SOE LSOHT) JS VWUOS 
OOTCYOTE (oS 
OCOVYOTOSVdAHs ‘O61 4GTSORL  eNOELdGD LNSUd AUVWWAS ANIS LVJHe SOE RSOHTD 1VWUbs 
0066SU1G (odNOH-4400 4 IHS? *T 
OCBESOLOOBLS NUTIdU NOJAVOATIVAS OVOT TIULNOD IWAINSWNOUTANSs OE LSOHTD LVWuOS 
O0OL6S0TO (oSdA0*I51°GI ST 
DO9GSONTUOBL® BNUL LY NUFLVATVAD UVOT TOXENDD TVANIJBNOUIAND: SOE LSOHTD LVWdOS 
00G66S0T0 CeSSVdAe SO6LRIGT TT 
OOVESOTOORL® sNOL Add NOFAVOAIVAI GVOT TOXNINID IWANIWNOMTANGs “OE LSOHT) LVWHOS 
O0EGSOTC (eALIUIT 
OOZH6SOTOWNH AALTAV Te SUGGEST OBLS eNIUELdD AVIdSTIG ALIGIANH:s SOE LSOHTS tVWHOd 
OUT6SO0TO (edauNivddidl 
OVOGSOTOWIL DING-LIMeOGL*STESOR LS eNITAdO AVIdSIGO ALIOIANH. “OE LSOHT) LVWHOS 
OO6EGOTE (.O1T 
OONRGOTOLVA ALTOTWAH (OGL GE SOB eNIDLAO AVIdSTO ALIOTANHs SOE LOH) 2VWUUS 
OULBSOLO (seNOLLVUUdVAI — SIA. *O61T 
VUCIHSOIG 4ST OG) ® oNULIGU NOPLVINWIS ALTOIWNH / JUNLVAddn Ihe SOE LSOHTD AVWaO4d 
00685010 (aS3A0 SO6KT 
OOFBSOTL GL ORL  eNUDAdU NOTILVIAWIS ALIGIWNH / JANIVaAsdW4he SOL KSOHTD LVWu04S 
OVESGOIG (oSSVdAHe “06K 
OOCRGOTCGE ORL S eNUTAGO NOLPLVINNES ALIQIWOH / JAUNIVHAdAd1Ls SOCLSOHTD ALVWUOS 
OOTESGOTO (eo (INdNIT “F3U AVIHD LID TdX4s O61 
OOOHGOTOULSSI 4 O82* sNUTIdO JINVHNOSdSd NIVUbe SOEL/e IT Aa dso ETULSONT) LVWUOS 
ON62SUT0 Ce (GIINdWOD °F3u LVIHD LEOP TdX45s S061 
OOBLSVUTOCA*ST OBL eNUS Ad) JINVNUDAIId NIVULe ‘OER e TT Wadse “ETT RS OHT) AVWUOS 
OOL130TE (ol IDE VWI SOGT 
OOIZGCIOL®SESOB LS eNULId) JINVWADIAId VIVAbe SCEL/e IT Wa dse SETELSOHTD AVWHOS 
OOGLSCE TC (eoSSVdAtle SO6T 
OOFLGCIGCL'GE OBL NOD LGD JINVAINGHId NEIVGbe SOEL/ + DI Wudse SETTASOHT) LVWUOS 
VOLEIG OTL (eVAVUO WAANSD JD NOPLVITSTUIA LODNT se SOLS OHTD LVWuOd 
vueLsSele (e419 NOTSUINe LER 8/2 


OOTLSGELO Se HAIDA MAN SHUDA MING LOLS S87 INT {SV IONOG UNV SUVNOs $26457%o SS40HT 
OCOLSCTOUININEUH SSNOSdVde S LOE //e-— AY GSUVdddds 'S6L//41VB4X9G* HI) Lvkyod 


OC69SGTC (SSE ove exe fo Su 6 SEE S00 AWEE NOTTS AUe *XGE* HED bVwUlsd 
OUPYSOTO (AAFP OLSON 9 XE Se SDH 9 *GHSoAWEL NOES HU0 *X9E*® HID IVWCS 
DOF 950 TO (A/S 7 82S OWL EP XSZ)) VW 


INdN| 2NtinoudAS 


0%4F 
O£% 
O¢4 
OY 
004 
OGE 
OBE 
OLE 
O9E 
OSE 
OVE 
OLE 
Oct 
Olt 


OOE 
062 
ORZ 
OLl¢2 
092 
0S2 
O%e2 
Of¢ 
O22 
Ole 
002 
O61 
oetl 
oll 
oul 
OST 
OFT 
oe 
ra | 
Oll 


ool 
06 
08 
OL 


0610 
6ATO 
8810 
2810 
9810 
S810 
"810 
£810 
cRTO0 
TeI10O 
oslo 
6110 
BLT0 
ZLt0 


9LITO 
GLTO 
"L110 
£LT0 
2110 
TZ10 
OLTO 
6910 
89T0 
1910 
9910 
S90 
4910 
£910 
c9to 
1910 
09T0 
6S10 
8ST0 
isto 


9510 
SSI10 
“STO 
£Sto 


€-1'36 


SES SAMPLE PROBLEM 


SAMPL 5 


REVISED OUTPUT REFLECTING 
REVISIONS THROUGH V2M14 
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APPENDIX D 


REPORT OF NEW 


TECHNOLOGY 


After a diligent review of the work performed under this contract, 


no new innovation, discovery, improvement or invention was made. 


During the course of this contract, computer software and companion 
user documentation were modified and revised to support recurring applications 
of SES technology. Each application has served to enhance the range 
of techniques, analyses, and methodologies available for subway environmental 
design. By presenting a detailed, chronological account of all software 
maintenance, this volume describes for the first time, and in one consolidated 
volume, an advancing state-of-the-art which is essential to all users 


of the SES Computer Progran. 
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